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The Effects of a Randomized Four-Week Graston Instrumented-Assisted Soft Tissue 
Mobilization Dynamic Balancing-Training Program on Individuals with Chronic Ankle 
Instability 
 
Jessica L. Schaefer 
 
Context: Despite case reports and clinical studies, there have been no experimental studies 
conducted on Graston Instrumented-Assisted Soft Tissue Mobilization (GISTM) technique 
and the effects on chronic ankle instability. Most of the clinical studies and case reports that 
have been conducted have used animals and human subjects for lateral epicondylitis,  and 
patellar, rotator cuff and achilles tendinopathy. Since only a case report exists in the literature 
for chronic ankle instability using GISTM, the intent of this study is to further evaluate the 
effects of GISTM and dynamic postural balance on improvements in healing and function. 
Objective: The present study aims to investigate the affects of GISTM technique and the 
influence on improving range of motion, neovascularization, collagen alignment, pain and 
disability in individuals experiencing chronic ankle instability. Design: Subjects were 
randomly assigned to the GISTM/ Dynamic Balance-Training (DBT), GISTM-S/DBT, or 
C/DBT group. All groups participated in a 4wk DBT program consisting of four exercises 
and a lower extremity dynamic stretching protocol using a Flex band twice a week 
throughout the training period. The GISTM/DBT and GISTM-S/DBT groups received the 
GISTM treatment of sham treatment twice a week before performing the DBT program 
throughout the training period. Setting: A AAA High School in North Central West Virginia. 
Patients or Other Participants: This study included 36 healthy, physically active individuals 
(5 female, 31 male; age= 17.771+1.972 years; ht=69.403+5.775; 30 right, 6 left foot; 28 six 
sessions, 8 seven sessions completed of rehab) with a history of CAI volunteered to be in this 
study from a North Central High School in WV and a DI Mid-Atlantic University. 
Interventions: The DBT program that was performed twice a week for 4-wks included a 
battery of exercises that was advanced from week to week for all three experimental groups. 
The 4-wk GISTM treatment protocol for the GISTM and GISTM-S groups also was 
performed twice a week. Pre- and Post-test measurements were taken using the Foot and 
Ankle Ability Measures (FAAM), FAAM Sport, the Visual Analog Scale (VAS), ankle range 
of motion (ROM) in four directions, ultrasonography (US), and the Star Excursion Balance 
Test (SEBT) in three directions. Outcomes Measures: A greater increase will be found in the 
talocrural range of motion, neovascularization, and collagen alignment between groups pre- 
and post-test. And also a decrease in the FAAM, FAAM Sport and VAS will be found; with a 
significant difference in pre- and post-test results between groups. Results: There was a 
significant difference for test with FAAM (F1,33=47.963, P=0.01, ES=0.592, 1-β=1.00), 
FAAM Sport (F1,33=18.377, P<0.001, ES=0.358, 1-β=0.932), VAS (F1,33= 55.564, P<0.001, 
ES=0.590, 1-β=1.000), ROM (F1,33=40.087, P<0.001, ES=0.548, 1-β=1.000), and SEBT 
(F1,33=58.493, P=0.000, ES=0.639, 1-β=1.000) with post-test results greater except for VAS, 
which decreased. There were also significant differences for movement (F3,33=196.721, 
P<0.001, ES=0.856, 1-β=1.000) with ROM and direction (F1,33=71.355, P<0.001, ES=0.684, 
1-β=1.000) for the SEBT. All directions and movements were significant (p>0.01). 
Conclusion: The 4-wk GISTM and dynamic balance-training program could be used to 
increase ROM, sensorimotor facilitation, and stability for the ankle musculature, along with 
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The most common sports-related injury is an ankle sprain, more specifically 
lateral ankle sprains.1,2,3 Studies have shown that approximately 10 percent to 25 
percent4,5,6,7,8 of all sports injuries are ankle sprains. Ankle sprains account for 75 percent 
of all ankle injuries with 85 percent due to inversion trauma.6,9,10,11 Due to the inversion 
mechanism of injury, predominantly 80 percent to 95 percent of the time, the lateral 
ligaments of the ankle also affected.9,12,14 An estimated 23,00 to 27,0001,2,3,4 ankle sprains 
occur per day in the United States, which equals approximately one ankle sprain per 
10,0001,2,3,4 people daily.  
The reoccurrence rate of ankle sprains varies in the literature from 20 percent to 
as high as 80 percent.3,6,7,13,15,16,17,18,19,20 After suffering one ankle sprain, an individual is 
predisposed to chronic ankle instability. Twenty to 40 percent6,7 of these patients will go 
on to experience chronic instability and subsequent disability. However, there is 
conflicting statistics on the percentage of ankle sprains and those caused by inversion 
trauma. 
Seven percent to 10 percent of the ankle sprains account for emergency room 
visits.4,5 However, an estimated 55 percent of individuals suffering an ankle sprain never 
seek medical treatment.1 Ankle sprains result in more time loss than any other single 
injury in athletics. Time loss due to ankle injuries is estimated to account for one sixth of 
all time lost from sport. Safran et al.7 stated that approximately 25 percent of time loss in 
football, basketball, and cross country is due to ankle injuries. 
Subsequent injury and time loss due to ankle sprains may be preventable with 
better understanding of the function of the ligament structures and biomechanics of the 
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ankle.4,5,6,7,9,10,13,14,15,16,21 In chronic ligament injury, the normal healing process of 
connective tissue is disrupted. Normal tissue remodeling is prevented by stresses and 
hypovascularity.24,25,26,27 Connective tissue tends to become shorter and denser as it heals, 
unless beneficial conditions exist.24,25,26,27 This contracture and thickening partially results 
from the increased interfiber bonding in a shortened state.24,25,26,27 The individual fibers 
lose gliding capacity and mobility relative to each other, as do bundles of fibers, and 
whole ligaments relative to their surrounding structures.24,25,26,27 When a lateral ankle 
sprain occurs, structural damage not only occurs to the ligamentous tissue, but also to the 
nervous and musculotendinous tissue around the ankle complex10,18,19,29,31 The lateral 
ankle ligaments and joint capsule of the talocrural and subtalar joints have been shown to 
be extensively innervated by mechanoreceptors. A disruption of the sensory receptors 
within the lateral ligamentous structures is believed to result in a decreased ability to 
sense changes in joint position.10,18,19,29,30,31,32 While injury to the ligaments may result in 
laxity of the joints of the ankle complex, neuromuscular deficits are also likely to occur 
due to the injury to the nervous and musculotendinous tissue.10,18,19,29,30,31 These 
neuromuscular deficits may be manifested as impaired balance, reduced joint position 
sense, slower firing of the peroneal muscles to inversion perturbation of the ankle, slowed 
nerve conduction velocity, impaired cutaneous sensation, strength deficits and decreased 
dorsiflexion range of motion.10,18,19,29,30,31  
Several studies have been condcuted to evaluate the effectiveness of postural 
stability programs using chronic ankle instability subjects.33,34,35 When compared to a 
control group, semi-dynamic and dynamic postural stability improved. McKeon et al.35 
developed a four-week progressive dynamic balance-training program in those with 
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chronic ankle instability. He incorporated single-limb hops to stabilization, hop to 
stabilization and reach, unanticipated hop to stabilization, and single-limb stance 
activities into a rehabilitation program. All the exercises were designed to challenge the 
subjects’ ability to maintain a single-limb stance while performing various balance 
activities.35 More specifically, the program challenged recovery of single-limb balance 
efficiently after a disturbance and effectively developed natural execution to accomplish 
movement goals.35 These innovative activities promoted the restoration of functional 
variability within the sensorimotor system with environmental constraints.35 However, 
although functional ankle instability has been addressed,34,35 few studies have addressed 
the sequlae of scar tissue formation and the healing process with chronic ankle instability.  
It is postulated that the healing process in chronic injuries is in accordance with 
that of acute injuries. When a ligamentous soft tissue injury occurs, one of the damaging 
mechanisms is scar tissue formation. To assist in removal of excessive scar tissue and the 
healing process, a type of soft tissue mobilization may be used. Augmented Soft Tissue 
Mobilization (ASTM) introduces a more controlled amount of microtrauma into an area 
of excessive scar tissue, therefore, the response of the tendon to this microtrauma could 
involve augmentation of the healing process.36,37,38,39,40,41 Graston Instrumented-Assisted 
Soft Tissue Mobilization (GISTM), another variation of this technique, also has shown to 
increase the fibroblast response with the controlled movement of the 
instruments.2,5,6,7,9,37,44 Although most of the original research has focused on tendons 
using animal and human subjects, there have only been two studies reported using 
ASTM41 and GISTM45 on ligaments.  
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Despite the lack of presence of inflammatory cells, healing is evident following 
GISTM treatment using an animal model.36,37,38,39,40,41 In one study, a significant increase 
in fibroblast number was noted in two of the experimental groups, which illustrates one 
of the reported features of tendon healing; proliferation of fibroblasts.36 Gait analysis 
studies, reported evident healing and earlier recovery of limb function following a 
collagenase injury to the achilles tendon.6,15,16,46,47,48 Early restoration of function, 
promotes mechanical forces to act more rapidly to further collagen fiber realignment and 
thus accelerate the completion of tendon repair.2,5,6,9,37,42,44 
Five clinical trial studies, over the past eight years, have been conducted using the 
ASTM or GISTM technique. Sevier and colleagues40 conducted a trial of ASTM on a 
patient suffering for two years from chronic lateral epicondylitis.40 The patient’s pain and 
disability significantly decreased with an increase in strength, and discontinued use of the 
tennis elbow brace. Wilson and colleagues49 performed ASTM on twenty patients with 
patellar tendinitis. Sixty percent of the traditional rehabilitation group symptoms and pain 
resolved with 100 percent of the ASTM group experiencing complete resolution of 
symptoms and pain. The remaining 40 percent of the patients from the traditional 
rehabilitation group, crossed-over to the ASTM group with 50 percent undergoing 
resolution of symptoms and pain. Hammer and Pfefer50 treated a patient diagnosed with 
subacute lumbar compartment syndrome using GISTM. After several treatments the 
patient was asymptomatic, had nonrestrictive active and passive range of motions in all 
directions, normal functional tests and a significant improvement in hamstring and right 
external rotator flexibility. Aspegren and colleagues51 used GISTM on a patient suffering 
from costochondritis. From the initial visit, there was a decrease in pain and a significant 
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improvement in the Dallas Pain Questionnaire.51 Lastly, Burke and colleagues52 
conducted a pilot study on twenty-two patients with carpal tunnel syndrome using both 
the GISTM and ASTM techniques. There was an increase in nerve conduction latencies, 
increased wrist strength, increased range of motion and had greater patient satisfactory 
ratings.  
Despite case reports and clinical studies, there have been no experimental studies 
conducted on GISTM technique and the effects on chronic ankle instability. Most of the 
clinical studies and case reports that have been conducted have used animals and human 
subjects for lateral epicondylitis,40 patellar tendinopathy,49 rotator cuff tendinopathy36 and 
achilles tendinopathy.36,37,38,39,40,41 Only two studies involved ligaments.41,45 Melham 
completed a case report on chronic ankle pain and fibrosis using the ASTM technique 
and found pain ceased with activity, the subjects range of motion improved, surgical scar 
matured, and the excessive fibrotic connective tissue around the ankle softened and 
diminished.41 Loghmani and colleagues 45 conducted a study on rats using the GISTM 
technique in an attempt to examine the biomechanical and histological effects of 
instrumented-assisted cross fiber massage (IACFM) on early and long-term ligament 
healing. Twenty-one rats received nine treatments over a four-week period and thirty 
received thirty treatments over twelve weeks. At four and twelve weeks the ligaments 
were pulled to tensile failure.  At four weeks a 31 percent increase in strength was found 
with 34 percent stiffer ligament structure compared to the untreated ligament. At twelve 
weeks a 15.4 percent stiffer ligament was found. Histological exams of the ligaments 
treated with IACFM were found to have greater fibroblast proliferation and more regular 
collagen alignment at either four or twelve weeks.45 In spite of this, no study has 
  6 
furthered evaluated the effects of chronic ankle instability and the condition of the 
ligaments after such an injury. 
Beneficial effects have been noted with dynamic postural balance over a four-
week period34,35 using chronic ankle instability subjects. Since only a case report exists in 
the literature for chronic ankle instability using Graston Instrument-Assisted Soft Tissue 
Mobilization, the intent of this study is to further evaluate the effects of Graston 
Instrumented-Assisted Soft Tissue Mobilization and dynamic postural balance on 
improvements in healing and function. Therefore, the present study aims to investigate 
the affects of Graston Instrumented-Assisted Soft Tissue Mobilization (GISTM) 
technique and its influence on improving range of motion, neovascularization, collagen 
alignment, pain and disability in individuals experiencing chronic ankle instability. 
METHODS 
 This study was a 2 × 3 factorial design for three of the dependent variables and a 2 
x 3 x 3 and 2 x 3 x4 for two dependent variables.  The independent variables of this study 
were time and group.  The testing existed on two levels (pre and post).  There were three 
levels that existed for group (GISTM/dynamic balancing-training program 
(GISTM/DBT), GISTM-Sham/dynamic balancing-training program (GISTM-S/DBT) 
and control group (CG)).  The dependent variables consisted of six different measures 
that were performed by the subjects.  Quantitative dependent variables included: FAAM 
scores, FAAM Sport scores, VAS measurement, ankle ROM degrees, and SEBT 
measurements. Qualitative dependent variable included US codes. The 2 x 3 factorial 
design was used for the FAAM, FAAM Sport, and VAS. Ankle ROM was a 2 x 3 x 4 
factorial design. A 2 x 3 x 3 factorial design was used for the SEBT to measure time, 
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group, and direction.  
Subjects 
      Thirty-six subjects (n=36; 5 female, 31 male; age=17.771+1.972 years; 
ht=69.403+5.775 inches; 30 right, 6 left foot; 28 six sessions, 8 seven sessions of 
completed rehab) from the starting forty-five subjects completed the study.  Eleven 
subjects were randomly assigned to the control group/DBT, 12 to the GISTM-S/DBT 
group and 13 to the GISTM/DBT group. Nine subjects dropped out of the study (3 
suspensions, 1 sick, 2 suffered ankle injuries during competition, and 3 did not complete 
75% of the rehabilitation sessions).  
The subjects were obtained from North Central High Schools in West Virginia,  
DI Mid-Atlantic University, and an area recruitment ad. Subjects completed an ankle 
instability questionnaire (demographic questionnaire) that contained criteria for chronic 
ankle instability classification. Inclusion criteria for this study included a history of more 
than one ankle sprain and residual symptoms, frequent giving way of the ankle (at least 
one month) as quantified by four or more ‘‘yes’’ responses on the subject demographic 
questionnaire (which included questions from the Ankle Instability Instrument54), pain, 
feeling of instability, decreased function, no history of lower-extremity surgery, and no 
balance disorders, neuropathies, diabetes, or other conditions known to affect balance. If 
a subject reported bilateral ankle instability, the self-reported worse limb was used for 
analysis and training. Subjects were excluded if they had experienced an acute ankle 
sprain within six weeks of participation, if they had a history of surgery or fracture to 
either lower extremity, or if the stress x-ray revealed a grade III lateral ankle sprain. The 
University Office of Research Compliance approved this study. 
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Instrumentation 
Demographic questionnaire: The demographic questionnaire is a combination of 
questions that Hubbard et al.10,53 used as a criteria for functional ankle instability and 
Docherty et al.54 used in the Ankle Instability Instrument. The questions quantified the 
participants’ functional ankle instability for inclusion or exclusion into the study. 
FAAM ADL and FAAM Sport: The FAAM ADL and FAAM Sport are designed to 
meet the need for a self-reported evaluative instrument that comprehensively assesses 
physical function of individuals with musculoskeletal disorders of the leg, foot, and 
ankle.56 The FAAM is a region-specific self-report of function with two components just 
like the Functional Ankle Disability Index (FADI).55, 56 The FAAM ADL is 21-item 
questionnaire related to activities of daily living and the FAAM Sport incorporates eight 
more items that evaluate perceived disability due to foot or ankle injury in activities 
associated with physical activity and sport participation.55, 56  
      Martin et al. 56 reported that the FAAM ADL and FAAM Sport are reliable, valid, and 
responsive measure of self-reported physical function.  Validity evidence was provided 
for test content, internal structure, score stability, and responsiveness. Test retest 
reliability was 0.89 and 0.87 for the ADL and Sports subscales, respectively. 56 The 
minimal detectable change based on a 95 percent confidence interval was +5.7 and +-
12.3 points for the ADL and Sports subscales, respectively. 56 Two-way repeated 
measures ANOVA and ROC analysis found both the ADL and Sport subscales were 
responsive to changes in status (p < 0.05). 56 The minimal clinically important differences 
were 8 and 9 points for the ADL and Sport subscales. 56 Guyatt responsive index and 
ROC analysis found the ADL subscale was more responsive than general measures of 
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physical function while the Sports subscale was not. 56 Then Carcia et al57 reported that 
for both the ADL and Sports subscales, FAAM scores were greater in healthy participants 
(100+0.0 and 99+3.5) than in subjects with CAI (88+7.7 and 76+12.7; P < .001). 57 
Similarly, for both ADL and Sports subscales, FAAM scores were greater in athletes who 
indicated that their ankles were normal (98+6.3 and 96+6.9) than in those who classified 
their ankles as either nearly normal, or abnormal (87+6.6 and 71+11.1; P <.001). 57 
Carcia et al57 found relationships between FAAM scores and self-reported global ratings 
of function for both ADL and Sports subscales. Relationships were stronger when all 
athletes, rather than just those with CAI, were included in the analyses.57  Compared with 
other instruments, the FAAM ADL and FAAM Sport are measures specific to the leg, 
foot and ankle that show promise in quantifying function among a young, active 
population with chronic ankle instability.56, 57 
      The directions consisted of instructions to answer every question with one response 
that most closely described their condition within the past week.55, 56 If the activity in 
question is limited by something other than the foot or ankle, N/A is marked. Activity is 
rated as no difficulty at all (4 points), slight difficulty (3 points), moderate difficulty (2 
points), extreme difficulty (1 point), unable to do (0 points), or N/A (not applicable). For 
pain related to the foot and ankle, patients select no pain (4 points), mild (3 points), 
moderate (2 points), severe (1 point), or unbearable (0 points).55, 56 The FAAM scores are 
recorded as a percentage of 84 points.55 56 The FAAM Sport scores are recorded as a 
percentage of 32 points.55 56 Additionally, the patient is asked to rate their current level of 
function during usual ADLs and sport activities from 0-100 percent. 56 
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      VAS pain scale: Over the decades, the visual analogue scale (VAS) have come to be 
one of the most popular methods for measurement of pain intensity.58,59,60 The VAS 
consisted of a ten cm line anchored by two extremes of pain, usually “no pain” and 
“unbearable pain.”58,59,60,61 The patient was asked to make a vertical mark through the 
line corresponding to the intensity of pain. 58,59,60,61 The scale was scored by measuring 
the distance in mm from “no pain” to the patient’s mark. 58,59,60,61 Simple and 
reproducible, the VAS has been shown to yield reliable and valid pain estimates. 
Reliability coefficients exceeded 0.95 and validity correlations of 0.62, respectively.62 
Furthermore, several studies have demonstrated that VAS is usually more sensitive than 
traditional descriptive pain scales for detecting fine changes in pain levels. 58,59,60  
Of great significance, at least for research purposes, is the fact that the VAS 
provides ratio data and permits the use of parametric statistics. 58,59,60,61 Test-retest 
reliability has been reported to be high (ICC=0.71-0.99) and concurrent validity (0.71-
0.78) has been found to be moderate for the VAS. 58,59,60,61 The VAS is considered a 
strong, clinically useful, reliable and valid measure of pain intensity58,59,60,61 
Goniometry: Visual estimation is commonly used in clinical practice and is very 
insufficient and unreliable.63,64,65,66 Menadue et al.63 stated that inter-observer reliability 
for visual estimation of active plantarflexion and dorsiflexion is very low. Using the 
goniometric measurement protocol for inversion and eversion, within session intra-
observer reliability was high to very high ranging from ICC=0.82 to 0.96. No significant 
difference was found in ICC scores between position or directions of movement. 63,64,65,66 
Between-session intra-observer reliability ranged from low to high (ICC=0.42 to 0.80) 
but highest for inversion. 1,64,65,66 Goniometric measurements of inversion were 
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moderately well correlated between the prone and sitting positions. 63,64,65,66  Overall, 
reliability of standardized measurement of ankle inversion and eversion range of motion 
was variable within observers, between observers and between-sessions. 
Rome and Coweison64 examined intratester and intertester reliability for 
goniometric measurements of ankle dorsiflexion (ADF) and ankle plantar flexion (APF) 
active range of motion (AROM). For intratester reliability of measurements obtained with 
the universal goniometer (UG), intraclass correlation coefficients (ICC) for all physical 
therapists were ICCADF=0.64-0.92 (median, 0.825) and ICCAPF=0.47-0.96 (median, 
0.865). Intertester reliability measurements obtained by universal goniometer were 
ICCADF=0.28 and ICCAPF=0.25. Visual estimation (VE) was ICCADF=0.34 and 
ICCAPF=0.48. The parallel-forms intratester reliability obtained with UG and VE ranged 
from ICCADF=0-0.94 (median, 0.58) and ICCAPF=0-0.86 (median, 0.625).64 Thus, a 
goniometer can be used when making repeated measurements of ankle joint AROM. 
Considerable inconsistency exists when two or more examiners make repeated 
goniometric and visual measurements of ankle motion on the same subject.  
Ultrasonography: A General Electric LOGIQ e portable ultrasound unit (GE 
Medical Systems, Milwaukee, WI) was used to evaluate collagen alignment and 
neovascularization for the ankle ligaments. The LOGIQ e is a 2.49-inch x 3.12-inch x 
11.7-inch laptop style console weighing approximately 10.1 lbs with a fifteen-inch 
display screen with resolution color LCD. A one-probe port with micro-connector 
accompanies the LOGIQ e. The LOGICQ e has an intergrated HDD (80GB) and USB 
drive. 
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Ligaments consist of dense connective tissue, somewhat similar to tendons. Many 
superficial ligaments are amenable to ultrasonography evaluation. The sonographic 
appearance differs slightly from tendons, with ligaments demonstrating as more compact, 
thickened and hypoechogenicity compared with the contralateral asymptomatic side.67 
Hyperechoic appearance on longitudinal imaging is typically only a few millimeters in 
width.67 However, a complete tear can be diagnosed when a hypoechoic gap or cleft is 
demonstrated through the substance of a ligament.67 
Studies have found that ultrasonography is effective in diagnosing ankle ligament 
injuries, most notably those affecting the anterior talofibular ligament (ATFL). Van Dijk 
et al.68 reported that ultrasonography was 92 percent sensitive and 64 percent specific for 
diagnosing injuries to the lateral ankle ligaments. Unfamiliarity of the technique, 
anatomy and pathology of assessing the lateral ankle complex can lead to a major 
limitation and inconvenience. Therefore, knowledge of the correct positioning of the 
ultrasonography probe is imperative. 
 Star Excursion Balance Test (SEBT): The star excursion and functional reach 
tests for dynamic postural control tests are superior to basic single leg stance (SLS) 
tests.69 The Star Excursion Balance Test simply tests an individual’s dynamic postural 
control.  The SEBT, first introduced by Gary Gray in 1995, is a functional balance test 
that uses a unilateral stance on the center of an asterisk (star) and a maximal reach down 
each of the asterisk’s eight lines.69,70,71,72 The SEBT offers a simple, reliable, low-cost 
alternative to more expensive, refined instruments available today.73 An asterisk is made 
with lines extended out from the center at 45 degree increments on a grid. Each line has a 
specific name in relation to which leg is being tested (the leg the subject is standing on is 
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the leg being tested).  The eight directions are named anterolateral (AL), anterior (A), 
anteromedial (AM), medial (M), posteromedial (PM), posterior (P), posterolateral (PL), 
and lateral (L) respective to the foot that is weight-bearing.69,70,71,72,73,74,75 For research 
and testing procedures in the clinic only the anterior (A), posteromedial (PM), and 
posterolateral (PL) directions can de used. These three directions have been found to 
assess unique aspects of dynamic postural control.35,76 
The SEBT is placed directly on a non-slick floor using tape, three tape measures, 
and a protractor.  The subject unilaterally stands in the center of the asterisk and 
maximally reaches with the contralateral leg down each line.73 The test requires three76 
practice reaches in each of the three directions and three recorded test reaches.  Each 
reach, or trial, should be held for one second for recording of measurements.    
 Each trial is measured from the center of the asterisk and the three trials are 
averaged and normalized to the subject’s height or true leg length.  A more general 
approach to compare SEBT excursions to is add the averages from each of the three 
directions and then multiply by the subject’s height; this approach however, lacks the 
specificity of direction in which the subject is lacking dynamic postural control. 
Nevertheless, it provides an overall dynamic postural control evaluation to compare that 
of other subjects’.77   
 The further the reach, the greater the demand is on the dynamic postural control of 
the weight-bearing leg.18,69,70,71,72 The subject returns to the static unilateral stance 
position following each reach and remains there for 10-15 seconds before the next trial. 
During the SEBT, the individual’s dynamic postural control constantly corrects as the 
center of mass migrates from over the base of support in all directions.78 Some factors to 
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be considered when testing an individual using the SEBT are balance disorders, foot type, 
past injuries/surgeries, flexibility, and shoe condition.75,78    
 The star excursion balance test (SEBT) has been reported to have high reliability 
for testing dynamic postural control of those with and without functional ankle  
instability.18,70,71,72,79,80 Hertel et al.18 found intratester reliability of the SEBT between 
0.78 and 0.96. Olmsted et al.73 and McKeon et al.35 have both found the SEBT to be 
sensitive in detecting reach deficits between athletes with chronic ankle instability and 
healthy athletes. Validity for SEBT was also determined from Olmstead et al.73 and 
McKeon35.  Kinzey72 determined that the SEBT has moderate reliability for assessing 
dynamic balance and has an Intraclass Correlation Coefficient (ICC) of 0.86 to 0.98 for 
assessing dynamic balance.  
Procedures 
 Subjects were contacted and asked to attend a meeting where they were provided 
with a Parental Consent Form and Assent Form if under age 18, a Consent Form, an 
Authorization to Use or Disclose Protected Health Information Form, and a subject 
Demographic Questionnaire.  The study was described to the potential subjects to make 
an informed decision about whether to participate or not.  Any questions from the 
potential subject pool were answered and explained.  The potential subjects were then 
asked to fill out the Parental Consent Form (Table C1), Assent Form (Table C2), or 
Consent Form (Table C3) the Authorization to Use or Disclose Protected Health 
Information Form (Table C4), and Subject Demographic Questionnaire (Table C5) 
truthfully and to the best of their ability. The demographic questionnaire demonstrated 
the subjects’ eligibility by assessing chronic ankle instability. The subjects answered 
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several questions concerning injury background past and present with the involved ankle. 
The researcher reviewed the forms for completeness to note if the subjects met the 
inclusion criteria, and not the exclusion criteria. Subjects were excluded if answering 
“yes” to the following questions: have you had any fractures (breaks) in either of your 
ankles, have you had any surgeries in either of your lower extremities, have you ever 
experienced a sensation of your ankle “giving way” > than 3 months ago, and are you 
currently involved in a ‘‘formal’’ rehabilitation program for the affected ankle. Also if 
the subject answers “no” to the following question have you ever sprained an ankle, were 
excluded. If the subjects meet the inclusion criteria, they were contacted by the researcher 
to schedule a time to complete the pre-test FAAM ADL and FAAM Sport questionnaire, 
VAS, ultrasonography images, range of motion measurements, and to perform the Star 
Excursion Balance Test. 
 Times were established for subjects to meet with the researcher two times a week 
over four weeks for approximately 45 minutes per session for treatment, balance-training 
program, or a combination of the two.  The injured ankle was used for the 
treatment/training sessions. The Demographic Questionnaire and special tests determined 
the injured ankle.  All exercises were performed at a North Central High School in WV to 
serve as an environmental control.  The primary researcher administered and supervised 
all treatment, testing and exercising sessions.  At the conclusion of the last exercise 
session, post-test measurements for the FAAM ADL, FAAM Sport, VAS, goniometry, 
ultrasonography images, and SEBT tests were obtained.  The post-test was performed to 
the exact specifications as the pre-test, and was completed within the week following the 
final treatment/training session of the fourth week.    
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Pre- and Post-Testing 
FAAM ADL and FAAM Sport: The subject completed the FAAM ADL and FAAM 
Sport (Table C6). The subjects were asked to answer the FAAM ADL 21-item 
questionnaire with one response that most clearly described their condition within the 
past week. If the activity in question was limited by something other than the foot/ankle, 
N/A is marked. And rated the current level of functional activity during ADLs from 0-
100 percent. Upon completion, the subjects answered the FAAM Sport 8-item 
questionnaire with one response that most clearly described the condition within the past 
week as well. If the activity in question was limited by something other than the 
foot/ankle, N/A is marked. And rated the current level of functional activity during sports 
from 0-100 percent. The primary researcher recorded the FAAM ADL scores as a 
percentage of 84 points and function percentage and the FAAM Sport scores as a 
percentage of 32 points and function percentage. 
VAS pain scale: The subject made a mark on the 10 cm line that accurately described 
pain level at that instant on the 10cm line. The primary researcher then measured the 
mark going from left to right in millimeters (mm). The mean between the pre- and post-
treatment measurements determined the subjects’ resulting pain level. Refer to Table C7 
for a more precise step-by-step protocol of the VAS pain scale. 
Ultrasonography: The subjects’ identification number was entered into the computer 
to create a folder of the subjects’ images. The subjects were instructed to lie in the supine 
position with the subjects’ knee in extension on the treatment table. The ankle was 
plantarflexed and inverted with the probe in a slightly oblique position from the 
malleolus toward the forefoot.68 The first image, the ATF ligament was stilled and saved 
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to the subject folder. The color doppler/power doppler was turned on, with the same 
subject and probe placement. An image was stilled and saved in the subject folder of the 
area over the ATF ligament. The subjects were then instructed to remain in the supine 
position with the knee straight on the treatment table. Ankle placement for the CF 
ligament was dorsiflexed and inverted, the probe was placed slightly in a posterior 
oblique direction toward the calcaneus.68 The image of the CF ligament was stilled and 
saved in the subject folder. This was followed by color doppler/power doppler with the 
same subject and probe placement. Again the image was stilled and saved in the subject 
folder. (Table C9) 
Ankle range of motion: Ankle range of motion was measured in degrees using a 
goniometer. The subjects were instructed to sit, with the knee flexed off the end of a 
treatment table for both plantarflexion and dorsiflexion. The goniometer was placed with 
the stationary arm along the midline of the fibula from the fibular head to lateral 
malleolus, and the movable arm was along the midline of the fifth metatarsal. The subject 
was asked to plantarflex the ankle as far as possible; after the recording the measurement, 
the subject dorsiflexed the ankle as far possible. For both inversion and eversion the 
subjects were instructed to lay prone. The tibia was stabilized in the sagittal plane. 
Subjects were instructed to invert and evert the calcaneus as far as possible. The 
goniometer for both inversion and eversion was placed with the stationary arm in 
alignment with the midline of the leg, and the movable arm aligned with the midline of 
the calcaneus. All data was recorded to the nearest degree. 
Star Excursion Balance Test (SEBT): The subjects’ true leg length was measured and 
recorded to normalize the data. The SEBT was performed with the subjects standing in 
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the middle of a grid formed by eight lines extending out at 45° from each other. The 
participant was asked to reach as far as possible along the anterior (A), posteromedial 
(PM), and posterolateral (PL) lines, make a light touch on the line, and return the 
reaching leg back to the center, while maintaining a single-leg stance with the other leg in 
the center of the grid. 
Subjects were instructed to make a light touch on the ground with the most distal part 
of the reaching foot and return to a double-leg stance without allowing the contact to 
affect overall balance. The terminology of excursion directions is based on the direction 
of reach in relation to the stance leg (see Figure C1). When reaching in the lateral and 
posterolateral directions, subjects reached behind the stance leg to complete the task. 
Subjects were allowed to practice reaching in each of the three directions three times 
to minimize the learning effect.76 Following a 5-min rest period, subjects performed three 
trials in each of the three directions. The subjects then randomly drew one of three index 
cards, which determined the starting direction. All subjects began with the involved 
stance leg in the center of the grid depending on the functionally unstable ankle. The 
primary researcher recorded each reach distance with a mark on the tape as the distance 
from the center of the grid to point of maximum excursion by the reach leg. The trial was 
discarded and repeated if the primary researcher felt the subject was using the reaching 
leg for a substantial amount of support at any time, has removed the foot from the center 
of the grid, or was unable to maintain balance on the support leg throughout the trial. 
Interventions 
Dynamic Flex Band flexibility warm-up routine: The dynamic Flex Band flexibility 
warm-up provided vital forces necessary to assist in remodeling collagen40 in individuals 
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with chronic ankle instability. The dynamic warm-up routine incorporated the lower 
extremity as a whole, due to the movements of the dynamic balance-training program.  
The dynamic warm-up was approximately ten minutes. The warm-up started with the 
ankles (inversion/eversion), gastrocnemius, achilles, hamstring, groin, I-T Band, and 
concluded with the quadriceps/hip flexor stretches. The routine was specific in that the 
ankles (inversion/eversion), gastrocnemius and achilles stretches were all done in 
sequence on one foot initially then completed on the opposite foot. After the Ankle 
Work82 for both legs has been concluded, the subject subsequently moved onto the 
hamstring, groin, I-T Band, and quadriceps/hip flexor stretches. Once again one leg was 
completed before subsequently moving to the other leg. (Table C11 and Figures C2-8).  
Rehabilitation Program: McKeon et al.35 developed a four-week progressive 
dynamic balance-training program for those with chronic ankle instability. He 
incorporated single-limb hops to stabilization, hop to stabilization and reach, 
unanticipated hop to stabilization, and single-limb stance activities into a rehabilitation 
program. All the exercises are designed to challenge the subjects’ ability to maintain a 
single-limb stance while performing various balance activities.35 More specifically, the 
program challenges recovery of single-limb balance efficiently after a disturbance and 
effectively developed natural execution to accomplish movement goals.35 These 
innovative activities promotes the restoration of functional variability within the 
sensorimotor system with environmental constraints.35   
 The first of four exercises were single-limb hops to stabilization. Subjects 
performed ten repetitions per direction, anterior/posterior, medial/lateral, 
anterolateral/posteromedial, and anteromedial/posterolateral (see Figures C9-10). Each 
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repetition consisted of a hop from the starting position to the target position at 18, 27, or 
36 inches. After stabilizing balance in a single-limb stance, subject hopped in the exact 
opposite direction back to the starting position and stabilized in the single-limb stance. 
Subjects did not advance to the next level until the ten repetitions were error-free. Errors 
were determined on the basis of the following: touching down with the opposite limb, 
excessive trunk motion (>30° lateral flexion), removal of hands from hips during hands 
on hips activities, bracing the nonstance limb against the stance limb, and missing the 
target. 
 The five-repetition hop to stabilization and reach exercise was a combination of 
the previously mentioned exercise. However, after stabilization in the single-limb stance, 
the subject reached back to the starting position. Subjects hopped, stabilized, and reached 
back to the starting position, then hopped back to the starting position and reached to the 
targeted position.  A subjects’ advancement to the next level were achieved when there 
was five error-free repetitions. Errors were determined by all errors associated with hop 
to stabilization and by using the reaching leg for substantial amount of support during the 
reaching component. 
 Both the hop to stabilization and hop to stabilization and reach have seven levels 
of difficulty. The progression began with an 18, 27 or 36-inch hop using the arms to aid 
in stabilizing balance after landing, to an 18, 27, or 36-inch hop with hands on hips while 
stabilizing balance after landing. The seventh and final level consisted of a 36-inch hop 
from a 6-inch platform. 
 The third exercise was an unanticipated hop to stabilization with the subjects 
standing in the middle of a nine-marker grid (see figure C11). A randomized, sequence of 
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numbers was displayed on a computer screen in front of the subjects. Each number 
corresponded to a hop target position. As the progression of numbers changed, subjects 
hopped to the new target position. The hop to stabilization rules applied for this activity; 
however, in this case, subjects were allowed to use any combination of hops (AP, ML, 
AM/PL, or AL/PM) to accomplish the goal of moving through the sequence error-free. 
As a subject developed proficiency, the amount of time per move was reduced. In each 
session, subjects performed three sequences of numbers. 
 The unanticipated hop to stabilization also had seven levels of progression. As 
previously stated advancement was not made until error-free. The subject was given five, 
three, or one second(s) per move, with each level of progression. As the subject 
progressed to completion of all moves within one second without error, a foam pad was 
placed on one of the numbers during the sequence. The subject then continued the 
progression at the same level of intensity. If the course was not completed error-free, the 
error-free time constraint was increased to the level below. For the fifth level, a step was 
added to an additional number. At level six, an additional foam pad was added to one of 
the numbers, resulting in two foam pads and one step. An additional step was included in 
level seven, resulting in two foam pads and two steps. Errors were determined as 
touching down with the opposite limb, excessive trunk motion (>30° lateral flexion), 
removal of hands from hips during hand on hips activities, bracing the nonstance limb 
against the stance limb, and missing the target.  
 The fourth and final exercise was the single-limb stance. Subjects performed three 
repetitions of a single-limb stance. Each activity (eyes open and eyes closed) consisted of 
seven levels of difficulty. In the single-limb eyes opened stance, arms were across the 
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chest while standing on hard floor (60 seconds). The next progression was with the arms 
across the chest while standing on a foam pad (30, 60, or 90 seconds). The subject then 
advanced to a ball toss on a foam pad with the arms across the chest. The progression 
continued with 20 throws with 6-lb medicine ball for 30 seconds. Time was increased to 
60 seconds and finally 90 seconds. The final advancement was a single-limb stance with 
eyes closed and arms out while standing on a hard floor (30 seconds), to arms across the 
chest while standing on a hard floor (30 and 60 seconds). The exercise progressed to the 
arms out on a foam pad (30 seconds), and finally the arms across the chest on a foam pad 
for 30, 60, and 90 seconds. As previously stated advancement was not made until error-
free. Errors were determined by subjects touching down with opposite limb, excessive 
trunk motion (>30° lateral flexion), removal of arms from across the chest during 
specified activities, and bracing the nonstance limb against the stance limb.  
Graston Instrument-Assisted Soft Tissue Mobilization (GISTM): Table C14 gives 
specific instructions on subject and primary researcher positioning. The subjects were 
instructed to lie prone with the foot over the end of the treatment table. Emollient was 
rubbed onto the posterior lower leg. The hands were then washed. The primary researcher 
stood next to the subject. The primary researcher started with the GT-4 and GT-5 tool. 
Using a two-hand hold with GT-4, a sweeping motion over the plantar fascia and heel 
pad was used. A sweep and fan technique using GT-5 was used for the gastrocnemius-
soleus complex starting proximal to the achilles tendon insertion up to the popliteal fossa. 
The ankle was assessed in a neutral position and in dorsiflexion to vary the tension of the 
tissue, which affected the instrument’s depth of penetration. The GT-3 tool was used next 
with a pencil grip, to localize any restrictions within the gastrocnemius-soleus complex, 
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achilles tendon, and plantar fascia. The GT-2 or GT-3 tool was used with a two-hand 
hold, placing additional pressure over the knob of GT-2. The soft tissue lying in the 
groove between the achilles tendon and the fibula were mobilized laterally and medially, 
between the tendon and the tibia. Moving to a one-hand hold, the GT-2 or GT-3 tool was 
used. Using the GT-2 knob to mobilize the plantar fascial strips were mobilized from the 
calcaneus to the metatarsal head and back. To vary the fascial tension, the toes were 
flexed and extended. Lastly, the GT-2 tool were used with a one-hand hold using the 
curve to work between the toes.  
The subjects were instructed to lie supine with the foot over the end of the 
treatment table. With the primary researcher standing next to the subject, emollient was 
rubbed on the anterior lower leg. Again the hands were washed. Using the GT-5 tool with 
a two-hand hold, the dorsum of the foot was scanned moving proximally to the anterior 
tibialis. The GT-4 tool with a two-hand hold was used to sweep the dorsum of the foot 
and anterior tibialis to isolate restrictions. Better isolation of the adhesion can be achieved 
by reversing the stroke pattern. Once the area and restrictions were identified the GT-2 or 
GT-3 tool with a two-hand hold was used to work around the medial and lateral 
malleolus. After mobilization of the first metatarsal head, the GT-2 or GT-3 tool was 
used with a two-hand hold. The GT-2 or GT-3 tool was used with a one-hand hold. The 
knob of GT 2 or GT-3 was used to mobilize the soft tissue around the talocrural joint and 
distal tibiofibular joint. Using the other hand, dorsiflexion/plantarflexion, 
inversion/eversion and 1st toe flexion/extension was performed. This allowed a different 
depth of instrument penetration. The GT-2 or GT-3 tool was used with a two-hand hold, 
sweeping up and down the medial and lateral aspect of the tibia using the knob of GT-2 
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so as to release fascial compartments attached to this bone. The focus was to isolate 
restrictions. 
The subject was finally instructed to move to a side lying position with a pillow to 
support the limb.  The primary researcher was sitting on a stool at the side of the subject. 
Depending on the size of the leg, GT-3, GT-4 or GT-2 tool with a pencil grip was used to 
strum, fan, sweep, and J-stroke on the peroneals as needed. After the GISTM treatment, 
the tools were cleaned with SaniCide, a hard surface disinfectant. 
Statistical Analysis  
Descriptive statistics included means and standard deviations.  Four separate 2 x 3 
repeated measures ANOVA (time x group) were analyzed for the FAAM ADL scores, 
FAAM Sport scores, and VAS measurements.  A 2 x 3 x 3 quantitative repeated 
measures ANOVA (time x group x direction) was used for the SEBT measurements, 
while a 2 x 3 x 4 repeated measures ABOVA (time x group x movement) was used for 
ROM measurements. Ultrasonography qualitative results for neovascularization and 
collagen alignment was compared to the baseline measurements.  Chi-Square analysis 
was originally to be used for comparisons of pre-post tests, but due to the variability of 
images was not used. Alpha level used a priori of p < 0.05 with a bonferroni correction of 
p=0.01 for all analysis. Cohen’s D measures of effect size were determined by calculating 
the mean difference between groups (DBT-GISTM, DBT-Sham GISTM, control) and 
time (pre- and post-test) and dividing it by the reference SD (pretest or control). The 
strength of effect sizes were determined as small (<0.04), moderate (0.41-0.7), and large 
effects (>0.71). Percent change scores were also evaluated to examine the amount of 
change that occurred within group. 
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RESULTS 
Disability Questionnaires and Pain Scale 
Descriptive statistics for the pre-test and post-test data by group including the 
Foot and Ankle Ability Measure (FAAM), FAAM Sport, and Visual Analog Scale (VAS) 
can be found in Table D1. For the FAAM there was a significant difference for the main 
effect of time (F1,33=47.963, P=0.01, ES=0.592, 1-β=1.00) with post-test scores higher 
than pre-test (Tables D1-2). There was no significant interaction for time by group 
(F2,33=0.051, P=0.950, ES=0.003, 1-β=0.012), nor a significant main effect for group 
(F2,33=0.051, P=0.950, ES=0.003, 1-β=0.012). However, the Control/Dynamic Balance-
Training (C/DBT), Graston Instrumented-Assisted Soft Tissue Mobilization-
Sham/Dynamic Balance-Training (GISTM-S/DBT), and Graston Instrumented-Assisted 
Soft Tissue Mobilization/Dynamic Balance-Training (GISTM/DBT) groups, percent 
change scores increased 10.7, 11.5, and 10.2 percent, respectively. With the GISTM-
S/DBT group improving more than the C/DBT and GISTM/DBT groups. 
 For the FAAM Sport there was a significant difference for the main effect of time 
(F1,33=18.377, P<0.001, ES=0.358, 1-β=0.932) with post-test scores higher than pre-test 
(Tables D1-2). There was no significant interaction for time by group (F2,33=2.153, 
P=0.132, ES=0.115, 1-β=0.187), nor a significant main effect for group (F2,33=2.153, 
P=0.132, ES=0.115, 1-β=0.187). Percent change scores increased for the C/DBT (5.3 
percent), GISTM-S/DBT (30.6 percent), and GISTM/DBT (31.1 percent) groups.  With 
the GISTM/DBT group improving more than the C/DBT and GISTM-S/DBT groups. 
For the VAS there was a significant difference for the main effect of time (F1,33= 
55.564, P<0.001, ES=0.590, 1-β=1.000) with post-test scores higher than pre-test (Tables 
D1-2). There was no significant interaction for time by group (F2,33=0.215, P=0.808, 
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ES=0.013, 1-β=0.020), nor a significant main effect for group (F2,33=0.160, P=0.853, 
ES=0.010, 1-β=0.017). Percent change scores decreased for pre- to post-test for C/DBT 
(4.2 percent), GISTM-S/DBT (20.8 percent), and GISTM/DBT (20.9 percent) groups. 
The GISTM/DBT and GISTM-S/DBT groups decreased the most with the C/DBT group 
decreasing the least.  
Range of Motion (ROM)  
Descriptive statistics for the pre-test and post-test data by group for ROM can be 
found in Table D1.  There was a significant difference for the main effect of time 
(F1,33=40.087, P<0.001, ES=0.548, 1-β=1.000) as seen in Table D5. There was a 
significant difference between pre- and post-test for Dorsiflexion (t=-6.895, -3.028, 98% 
CI -4.098- -1.957, P=<0.001), Plantarflexion (t=-3.639, -4.382, 98% CI -7.317- -1.447, 
P=0.001), Inversion (t=-2.958, -1.729, 98% CI -3.154- -0.304, P=0.006), and Eversion 
(t=-6.537, -1.292, 98% CI -1.773- -0.810, P=<0.001) movements. There was a significant 
difference for the main effect of movement (F3,33=196.721, P<0.001, ES=0.856, 1-
β=1.000). With significance for mean differences between Dorsiflexion and 
Plantarflexion (-13.271°, 99% CI, -18.027- -8.516, P<0.001), Dorsiflexion and Eversion 
(11.634°, 99% CI, 9.853-13.414, P<0.001), Plantarflexion and Inversion (15.092°, 99% 
CI, 10.404-19.781, P<0.001), Plantarflexion and Eversion (24.905°, 99% CI, 20.193-
29.618, P<0.001), and Inversion and Eversion (9.813°, 99% CI, 8.845-10.782, P<0.001). 
There was no significant interaction for time by group (F2,33=3.720, P=0.035, ES=0.184, 
1-β=0.379), movement by time (F3,33=4.331, P=0.045, ES=0.116, 1-β=0.275), movement 
by group (F6,33=0.592, P=0.736, ES=0.035, 1-β=0.082), and time by movement by group 
(F6,33=1.564, P=0.225, ES=0.087, 1-β=0.124. There was no significant main effect of 
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group (F2,33=0.498, P=0.612, ES=0.029, 1-β=0.036) even though the percent change 
scores were evident from pre- to post-test for all movements which can be further 
evaluated in Table D8. The GISTM/DBT group demonstrating the most improvement in 
Dorsiflexion, Plantarflexion and Inversion followed by the C/DBT and GISTM-S/DBT 
groups; and with the GISTM-S/DBT group demonstrated the most improvement in 
Eversion followed by the C/DBT and GISTM/DBT groups. (Refer to Table D8). 
Star Excursion Balance Test (SEBT)  
Descriptive statistics for the pre-test and post-test data by group for (SEBT) can 
be found in Table D1. There was a significant difference for the main effect of time 
(F1,33=58.493, P=0.000, ES=0.639, 1-β=1.000) as seen in Table D9. There was a 
significant difference between pre- and post-test for Anterior (t=-5.490, -8.011, 98% CI -
11.568- -4.454, P<0.001), Posteromedial (t=-5.769, -6.625, 98% CI -9.425- -3.825, 
P<0.001), and Posterolateral (t=-6.237, -7.553, 98% CI -10.505- -4.601, P<0.001). There 
was a significant difference for direction (F1,33=71.355, P<0.001, ES=0.684, 1-β=1.000) 
with significance for mean differences between Anterior and Posteromedial (4.562in, 
99% CI, 1.146-7.978, P=0.001), Anterior and Posterolateral (17.339in, 99% CI, 12.481-
22.196, P=0.001), and Posteromedial and Posterolateral (12.777in, 7.055-18.499, 
P<0.001). There was no significant interaction for time by group (F2,33=1.992, P=0.152, 
ES=0.108, 1-β=0.169), direction by group (F4,33=0.412, P=0.800, ES=0.024, 1-β=0.042), 
time by direction (F2,33=0.504, P=0.606, ES=0.015, 1-β=0.038), and time by direction by 
group (F4,33=1.942, P=0.114, ES=0.105, 1-β=0.307). There was no significant main effect 
of group (F2,33=0.291, P=0.749, ES=0.017, 1-β=0.024) even though percent change 
scores from pre- to post-test were evident for the three directions. The GISTM/DBT 
  28 
group demonstrating the most improvement in Anterior and Posteromedial followed by 
C/DBT and GISTM-S/DBT groups; and with the GISTM-S group demonstrating the 
most improvement in Posterolateral followed by C/DBT and GISTM/DBT groups. (Refer 
to Table D12).  
Ultrasonography 
 Descriptive statistics for the pre-test and post-test data for ultrasonography of the 
anterior talofibular ligament (ATF) and calcaneofibular ligament (CF) were unavailable 
due to variability of images for the two ligaments. Only three pre and post-test images 
were available for visual comparison, two for the GISTM group and one from the 
GISTM-Sham group. However, based on visual analysis no apparent differences in 
collagen alignment and neovascularization were evident.   
DISCUSSION 
 The present study found that a 4-wk Graston Instrumented-Assisted Soft Tissue 
Mobilization (GISTM) treatment and a dynamic balancing-training (DBT) program 
improved self-reported function, range of motion (ROM), and dynamic postural control 
(Star Excursion Balance Test (SEBT)) in individuals experiencing chronic ankle 
instability. There was a significant difference for test with FAAM, FAAM Sport, VAS, 
ROM, and SEBT with post-test results greater except for VAS, which decreased. There 
were also significant differences for movement (ROM) and direction (SEBT). While 
there were no significant differences between experimental groups, an increase was 
evident in all pre-test to post-test results for all groups with the GISTM/DBT group 
showing the best percent change improvements followed by the C/DBT and GISTM-
S/DBT groups.  
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 It was hypothesized that the GISTM/DBT group would be affected differently 
compared to the other two groups, C/DBT and GISTM-S/DBT groups for the Foot and 
Ankle Ability Measures (FAAM), FAAM Sport, Visual Analog Scale (VAS), ROM, and 
Star Excursion Balance Test (SEBT). This was not supported by the results, as there was 
not a significant difference between groups for the FAAM, FAAM Sport, VAS, ROM, or 
SEBT. However, the present data does suggest that all three groups resulted in significant 
improvements during time, movements, and direction. There were differences evident for 
pre- and post-test results for all tests. The GSITM-S/DBT group demonstrated the most 
improvement followed by the C/DBT and GISTM/DBT groups in percent changes scores 
for the FAAM. The GISTM/DBT group demonstrated the most improvement followed by 
the GISTM-S/DBT and C/DBT groups in percent change scores for the FAAM Sport and 
the VAS test. Furthermore, for ROM and SEBT, the GISTM/DBT group demonstrated 
the most improvement followed by the C/DBT and GISTM-S/DBT groups in percent 
change scores for the movement of dorsiflexion (DF), inversion (INV), and the anterior 
(A) direction. The GISTM/DBT group demonstrated the most improvement followed by 
the C/DBT and GISMT-S/DBT groups in percent change scores for the movement of 
plantarflexion (PF) and the posteromedial (PM) direction. And finally, the GISTM-
S/DBT group demonstrated the most improvement followed by the C/DBT and 
GISTM/DBT groups in percent change scores for the movement of eversion (EV) and the 
posterolateral (PL) direction. There were no significant interactions for any of the five 
tests. However, there was a significant main effect with movement for ROM, and 
direction for the SEBT. Overall, the GISTM/DBT group demonstrated the most 
improvement in percent change scores than the C/DBT and GISMT-S/DBT groups.  
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Despite the lack of significant differences between the experimental groups, the 
results of this study are somewhat encouraging. Although the GISTM treatment and the 
DBT program prescribed in this study have not been most widely used in rehabilitation 
settings, there is a sound rationale for incorporating the two in rehabilitation programs for 
athletes experiencing chronic ankle instability. Within a brief treatment period of four 
weeks, the GSITM/DBT group demonstrated improvement in sport disability, pain, ROM 
with dorsiflexion, plantarflexion, and inversion, along with the anterior and posterior 
medial directions for the SEBT when compared to the C/DBT and GISTM-S/DBT 
groups. While no optimal treatment program length has been recommended in the 
literature, it seems reasonable to conclude that a longer treatment period may have 
resulted in additional changes. It was felt that ankle flexibility and sensorimotor 
facilitation, along with the disability perceived by the subjects were enhanced with the 
treatment program including GISTM and dynamic balance-training exercises.  
Disability and Pain 
 While other studies using the Foot and Ankle Disability Index35 questionnaire, also 
demonstrated improvements from pre- to post-testing, this is one of the first to use the 
FAAM and FAAM Sport for quantitative disability data. Martin et al. 56 reported that the 
FAAM activities of daily living (ADL) and FAAM Sport are reliable, valid, and 
responsive measure of self-reported physical function. Carcia et al. 57 reported that for 
both the ADL and Sports subscales, FAAM scores were greater in healthy participants 
than in subjects with chronic ankle instability. The present study used only subjects who 
were experiencing chronic ankle instability (CAI), therefore, there was no available data 
on healthy subjects versus CAI subjects.   
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 For both ADL and Sports subscales, FAAM scores were greater in athletes who 
indicated that their ankles were normal than in those who classified their ankles as either 
nearly normal, or abnormal.57 However, the present study did not focus on how athletes 
classified their ankle function pre- and post-test.  
 A parallel disability questionnaire to the FAAM and FAAM Sport would be the 
Foot and Ankle Disability Index (FADI) and FADI Sport. McKeon et al.35 found a 
significant interaction with group by time for the FADI and FADI Sport scores. However, 
post hoc tests revealed no significance between pre-test measures for the FADI and the 
FADI between groups.35 This was also noted in the present study in that there were no 
differences between groups. Why this occurred is that traditionally, balance training 
involves single-limb stance activities on stable and unstable surfaces. Although self-
reported improvements in functional status have been demonstrated in response to 
balance training, there is conflicting evidence that postural control improvements occur 
as a result of balance training in individuals with CAI.35 Rozzie et al83 reported similar 
results to McKeon et al35 in that improvements on Ankle Joint Functional Assessment 
Tool when comparing a group with CAI to a group of healthy controls who underwent 
the balance-training program. Rozzie et al83 found that individuals who underwent the 4-
wk of balance-training on the Biodex Stability System had improvements in self-reported 
function, regardless of group membership. This relates to the present study as the subjects 
in all three groups were experiencing CAI and improvement regardless of group 
membership as well.  
Balance-training enhances the sensorimotor system but also the neuromuscular 
system. With CAI individuals there is decreased stability and function, balance-training 
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will help reeducate the sensorimotor and neuromuscular systems to react to appropriately 
when protuberances occur.  Therefore, the reeducation of both systems no matter CAI or 
healthy in disability and function will improve due to both systems fine tuning strength 
and endurance.   
It is postulated that the repair process is similar in function with chronic injuries 
to that of acute injuries. When a ligamentous soft tissue injury occurs, one of the 
damaging mechanisms is scar tissue formation. To assist in removal of excessive scar 
tissue and the healing process, a type of soft tissue mobilization must be used. 
Augmented Soft Tissue Mobilization (ASTM) and GISTM decrease the number of scar 
tissue adhesions thus increasing function and decreasing pain which improves functional 
stability overall. ASTM introduces a more controlled amount of microtrauma into an area 
of excessive scar tissue, therefore, the response of the tendon to this microtrauma could 
involve augmentation of the healing process.36,37,38,39,40,41 GISTM, another variation of 
this technique, also was shown to increase the fibroblast response with the controlled 
movement of the instruments.2,5,6,9,37,42,44 Although most of the original research has been 
on tendons using animal and human subjects, there have been two studies reported using 
ASTM41 and GISTM45on ligaments.  
Five clinical trial studies, over the past eight years, have been conducted using the 
ASTM or GISTM technique. Sevier and colleagues40 conducted a trial of ASTM on a 
patient suffering for two years from chronic lateral epicondylitis.40 The patient’s pain and 
disability significantly decreased with an increase in strength, and discontinued use of the 
tennis elbow brace. Wilson and colleagues49 performed ASTM on twenty patients with 
patellar tendinitis. Sixty percent of the traditional rehabilitation group symptoms and pain 
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resolved with 100 percent of the ASTM group experiencing complete resolution of 
symptoms and pain. The remaining 40 percent of the patients from the traditional 
rehabilitation group, crossed-over to the ASTM group with 50 percent undergoing 
resolution of symptoms and pain. Hammer and Pfefer50 treated a patient diagnosed with 
subacute lumbar compartment syndrome using GISTM. After six treatments the patient 
was asymptomatic, had nonrestrictive active and passive range of motions in all 
directions, normal functional tests and a significant improvement in hamstring and right 
external rotator flexibility. Aspegren and colleagues51 used GISTM on a patient suffering 
from costochondritis. From the initial visit, there was a decrease in pain and a significant 
improvement in the Dallas Pain Questionnaire.51 Lastly, Burke and colleagues52 
conducted a pilot study on twenty-two patients with carpal tunnel syndrome using both 
the GISTM and ASTM techniques. There was an increase in nerve conduction latencies, 
increased wrist strength, increased range of motion and had greater patient satisfactory 
ratings.  
Like all five clincial trial studies, the present study also observed a decrease in 
disability and pain. Therefore, even though there was no objective data to confirm the 
benefits of the dynamic balance-training program with GISTM treatment despite the 
percent change scores, all the subjects felt as if they had improved.  To some individuals 
this may be more important than an increase in range of motion. Concluding that the 
subject’s perspective on their current state is more important than actual objective 
measure of improvement.  
 A very stringent P value of 0.01 as well as the small sample size might have 
affected group differences. However, the similarity of the subjects at baseline despite 
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group membership may be the main reason. The majority of the subjects, 72 percent, 
were 17 years old and in-season sport athletes. Therefore, they would be similar in 
growth, maturity, and fitness level. Also the majority of subjects with chronic ankle 
instability had a Grade 1 ankle sprain confirmed by special tests consisting of the anterior 
drawer, talar tilt inversion, and medial subtalar glide. Although not verified by 
ultrasonography, only a small to minimal amount of damage had been sustained by the 
ligament structures. Thus, all subjects experienced the changes evident following 
treatment. 
Range of Motion 
The present study focused on between group differences for pre- and post-test. All 
ROM measurements improved pre- and post-test despite the treatment group assignment, 
thus indicating why there was not a difference between groups. In addition, all four ROM 
movements including DF, PF, INV, and EV demonstrated improvement when comparing 
the difference between movements. From case reports and pilot studies, an increase in 
ROM has occurred following GISTM treatment. In the present study post-test 
measurements were higher than pre-test for ROM. Without ultrasonography it can not be 
concluded with certainty that the increase may have been due to the GISTM treatment 
removing restrictions or the DBT enhancing the sensorimotor and neuromuscular systems 
upon jumping and landing.  
The GISTM treatment for both GISTM and GISTM-S groups may have 
stimulated the mechanoreceptors. It is well published in literature references that high 
frequency vibrations stimulate mechanoreceptors; therefore, the GISTM-S treatment even 
though the tools were barely gliding over the skin may have elicited the 
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mechanoreceptors, which in turn decreased the response of the nocioreceptors and in turn 
resulted in a decrease in disability and increase in function. 
Hammer and Pfefer50 treated a patient diagnosed with subacute lumbar 
compartment syndrome using GISTM.50 The patient after six treatments was 
asymptomatic, had nonrestrictive active and passive range of motions in all directions, 
normal functional tests and finally had a significant improvement in hamstring and right 
external rotators flexibility. Burke and colleagues52 conducted a pilot study on twenty-
two patients with carpal tunnel syndrome using both the GISTM and ASTM techniques. 
There was an increase in nerve conduction latencies, increased wrist strength, increased 
range of motion and had greater patient satisfactory ratings.52 The present study also 
found an increase in ROM in all groups and movements according to percent change 
scores. Most particular is the GISTM/DBT group, all movements except EV was greater 
than the other two experimental groups. 
Despite case reports and clinical studies, there have been no experimental studies 
conducted on GISTM technique and the effects on chronic ankle sprains. Most of the 
clinical studies and case reports that have been conducted have used animals and human 
subjects for lateral epicondylitis,40 patellar tendinopathy,49 rotator cuff tendinopathy36 and 
achilles tendinopathy.36,37,38,39,40,41 Only two studies involved ligaments.41,45 Melham did a 
case report on chronic ankle pain and fibrosis using the ASTM technique and found pain 
ceased with activity, the subjects range of motion improved, surgical scar matured, and 
the excessive fibrotic connective tissue around the ankle softened and diminished.41 
Loghmani and colleagues45 conducted a study on rats using the GISTM technique in an 
attempt to examine the biomechanical and histological effects of instrumented-assisted 
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cross fiber massage (IACFM) on early and long-term ligament healing. Twenty-one rats 
received nine treatments over a four-week period and thirty received thirty treatments 
over twelve weeks. At four and twelve weeks the ligaments were pulled to tensile failure.  
At four weeks a 31 percent increase in strength was found with 34 percent stiffer 
ligament structure compared to the untreated ligament. At twelve weeks a 15.4 percent 
stiffer ligament was found. Histological exams of the ligaments treated with IACFM were 
found to have greater fibroblast proliferation and more regular collagen alignment at 
either four or twelve weeks.45 In spite of this, no study has further evaluated the effects of 
chronic ankle instability and the condition of the ligaments after such an injury. 
However, neither of these studies collected objective ROM data to help quantify 
the effectiveness of the GISTM treatment. The present study can objectively present there 
was an increase in ROM but cannot confirm the effectiveness of the GISTM treatment 
due to all groups increasing. However, the GISTM/DBT group did present with percent 
change scores for DF (26.2 percent), PF (26.3 percent), and INV (35.2 percent) compared 
to the C/DBT and GISTM-S/DBT groups. It is understandable why EV would increase 
the least amongst all three groups as ROM for EV is between 5-10 degrees normally. 
1,17,109 However, a miniscule increase can provide a subject with considerably more 
functional movement than prior to participating in the study.  
Dynamic Postural Stability 
The present study focused on between group differences for pre- and post-test 
results.  Despite no group differences, there were improvements for all directions pre- 
and post-test. In addition, there were differences for the directions for A and PM, A and 
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PL, and finally PM and PL. When observing percent change scores, the GISTM group 
had a greater percent change in the A and PM directions. 
 The actual test of the SEBT may be used to explain the differences. Many authors 
have identified specific excursions that are easier to perform than others. Specifically the 
posterior, posteromedial, and medial are usually identified as being the easiest to 
perform, whereas the anterior, anterolateral, and lateral have traditionally been the most 
difficult to perform.77,78,79 In the study by Hertel et al.77, the lateral direction was by far 
the most difficult, and reach distances in the anterolateral direction were also 
significantly shorter than all of the other directions except lateral. Hertel et al.77 went 
further to say that the posterior and posteromedial directions seemed to yield the greatest 
reach distances, and were significantly longer than the other excursions. In the present 
study there was a significant increase in two of the three reach directions. This was noted 
that the most difficult reach direction was the PL, with the easier reaches the A, and PM.   
 Gribble et al.79 looked at the effects of fatigue and chronic ankle instability on 
dynamic postural control. They had all of the subjects complete five testing sessions in 
which sagittal-plane kinematics and reaching distances were recorded while they 
performed the anterior, medial and posterior excursions of the SEBT. They indicated that 
the involved side of the chronic ankle instability subjects had a significantly smaller 
reach distance and knee flexion angles for all three directions. They also noted that the 
fatiguing protocols decreases reach distance and knee flexion angles further. This is 
relevant to the present study because the involved side of the chronic ankle instability 
subjects in the GISTM/DBT group compared to the C/DBT and GISTM-S/DBT groups 
had a smaller increase in the direction for the PL excursion. The increase in the C/DBT 
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and GISTM-S/DBT groups could be compared to the GSITM/DBT through the use of an 
injury model.   
Using the DBT protocol, McKeon et al.35 found a significant group by time 
interaction for the PL and the PL reach components of the SEBT. In both directions, the 
balance-training group had greater reach distances in the post-test measures compared 
with the pre-test measures.35 However, the present study did not find any interactions. 
Moreover, the balance training group reached farther than the control group on the post-
test measures but not on the pre-test measures.35 There were no significant changes in the 
Anterior reach direction between pre-test and post-test measures for either group.35  All 
three experimental groups performed the DBT program. According to percent change 
scores the GISTM/DBT group had higher percent changes in the A and PM directions. 
This is conflicting with the McKeon et al.35 study, however the present subject population 
was 17+7 years old, whereas McKeon’s et al.35 subjects were 22.2+4.5 years old.  The 4-
week progressive balancing-training program developed by McKeon et al.35 emphasized 
dynamic stabilization after a landing from a hop, in a variety of directions and conditions 
which significantly improved self-reported functional status, static postural control 
assessed by measures of time-to-boundary magnitude and variability, and dynamic 
postural control as assessed with SEBT reach distance.  
Hale et al.34 in a 4-week rehabilitation program found subjects with chronic ankle 
instability demonstrated deficits in postural control and SEBT reach tasks of the involved 
limb compared to the uninvolved limb and reported functional deficits of the involved 
limb compared to healthy subjects. Following rehabilitation, the chronic ankle instability-
rehabilitation group had greater SEBT reach improvements on the involved limb than the 
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other groups and greater improvements in FADI and FADI-Sport scores. The two studies 
are similar in the fact that both were 4-week rehabilitation programs and involved injured 
subjects. However, the current study did not have healthy subjects to compare and 
contrast results. Also the rehabilitation programs between the two studies were 
incomparable due to Hale et al.34 using a more traditional rehabilitation program where 
the present study used the McKeon et al.35 approach to a more dynamic rehabilitation 
program. 
 The dynamic balance-training program is designed explicitly for an athlete, which 
is why improvement in functional mobility occurs. Athletes who suffer from functional 
ankle instability have decreased sensorimotor facilitation in the ankle as well as posture. 
The dynamic balance-training program works the body as a whole, increasing functional 
activity. The traditional measures used to assess the improvements in postural control 
may have lacked the sensitivity to detect improvements. Moreover, these balance-training 
programs may have not appropriately challenged the sensorimotor system to elicit a 
detectable change in postural control.35  
 From the dynamic systems perspective, the sensorimotor system has multiple 
degrees of freedom that afford a variety of strategies to be generated to maintain postural 
control.35 The constraints that act to limit these degrees of freedom include the 
complexity of the task and, the changes in adaptation. These constraints interact to shape 
postural control strategies to maintain an upright stance. 35 However, CAI may place 
greater constraints on the sensorimotor system and may reduce the amount of degrees of 
freedom and, consequently, the amount of strategies available to maintain postural 
control. 35 By purposely and progressively manipulating the task and the adaptation 
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constraints on individuals with CAI, McKeon et al35 believed that the dynamic balance-
training program would aid the sensorimotor system in freeing up degrees of freedom 
that were not available to these individuals previously due to the constraints of CAI. 
 Therefore, a dynamic balance-training program that emphasizes the dynamic 
stabilization after perturbations such as predictable and unpredictable changes in 
direction, landing from a hop, and dynamic reaching tasks may prove more beneficial 
than the traditional balance training programs especially in those participating in sport 
due to improving the hip and ankle strategy.35 In the present study after the dynamic 
balance-training, all the individuals experienced a significant improvement in self-
reported function, ROM, and dynamic postural control (SEBT), indicating that the 
sensorimotor system may no longer be deficient to the same magnitude. 
Ultrasonography 
 Data for ultrasonography was unavailable due to the variability of images for the 
two ligaments. Of the three pre- and post-test images that were available for visual 
comparison, no apparent differences could be visually analyzed for collagen alignment 
and neovascularization.  
A normal Anterior Talofibular ligament (ATFL) is hyperechoic when the fibers 
are perpendicular to the ultrasound beam67,100,101,102,103,104 Being approximately two mm 
thick, during examination, the ATF ligament must be straight and tight from one insertion 
point to the other.67,100,101,102,103 The CFL forms the middle portion of the lateral collateral 
ligament and is between the inferior part of the lateral malleolus and the calcaneus, and 
runs in a slightly posterior oblique direction toward the calcaneus. 67,100,101,102,103,104 The 
CFL is approximately two-three mm thick and is hyperechoic in the distal two-thirds only 
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because of the obliquity of the proximal part. 67,100,101,102,103,104 With sufficient knowledge 
of ankle technique, anatomy, and pathology, ultrasonography will be a reliable and 
effective means for detecting injury, especially that of ligamentous structures.  
Clincial Implications and Limitations 
 Despite the non-significant differences between group or interactions for the 
outcomes, participants in the study showed beneficial improvements following the 
dynamic balance-training program and/or treatment.  The use of the four-week GISTM 
and dynamic balance-training programs can increase ROM, sensorimotor facilitation, and 
stability for the ankle musculature, along with postural stability and endurance. Graston 
Instrumented-Assisted Soft Tissue Mobilization treatment is often used in combination 
with traditional and occasionally with core stabilization exercises in clinical settings.  In 
the case in this study, GISTM was combined with a dynamic balance-training program, 
which challenged the sensorimotor system in multiple degrees of freedom to reduce the 
constraints limiting postural control. This particular combination with GISTM is more 
advantageous for athletes to allow for greater control of the degrees of freedom and 
constraints of sport. Various types of treatment and rehabilitation programs would also be 
used for a longer duration and given an appropriate rate of progression, one might expect 
to see further training/treatment adaptation.  Furthermore, these training/treatment 
adaptations could be monitored using the tests employed in this study.  The FAAM, 
FAAM Sport, VAS, ROM, and SEBT tests were easy to administer and required no 
specialized equipment/facilities. The ultrasonography, on the other hand was challenging 
due to the inherent learning curve associated with using the technique and that it is very 
operator dependent.  Despite the ease and simplicity of administration of the FAAM, 
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FAAM Sport, VAS, ROM, and SEBT, these tests are highly reliable and valid indicators 
of performance that can be used for both research and clinical purposes. Even though 
statistical significance wasn’t apparent due to the small sample size, clinically the 
GISTM/DBT group exhibited greater improvement in percent change scores with the 
FAAM Sport, VAS, three movements in ROM (DF, PF, INV), and two directions in 
SEBT (A, PM) than the other two experimental groups. 
The primary limitations of the present study included a small sample size, limited 
generalizability of results, use of a relatively brief dynamic balance-training program, and 
ultrasonography.  This study used a sample of convenience at a North Central high school 
and Mid-Atlantic University of only injured physically active individuals.  While the 
sample was of convenience, scheduling sessions was challenging due to snow days and 
bad-road conditions which disabled the subjects from making their scheduled time. Given 
the small sample size, the results cannot be generalized to a broader population. If used 
with other participants, treatment and dynamic balance-training program adaptations 
might vary depending on a number of additional factors that contribute to individual 
variability including previous injury and rehabilitation history and current fitness level. 
While the length of the employed GISTM treatment and dynamic balance-training 
program was similar to that used in previous studies, a longer period of time might be 
necessary to demonstrate differences among various groups. Unfortunately, there is no 
research suggesting the optimal number of treatment sessions to perform in a GISTM 





There was a significant difference with test for FAAM, FAAM Sport, VAS, 
ROM, and SEBT with post-test results greater except for VAS, which decreased. There 
were also significant differences for movement (ROM) and direction (SEBT). While 
there were no significant differences between experimental groups, an increase was 
evident in all pre-test to post-test results for all groups with the GISTM/DBT group 
showing the best percent change improvements followed by the C/DBT and GISTM-
S/DBT groups. The four-week GISTM and dynamic balance-training program could be 
used to increase ROM, sensorimotor facilitation, and stability for the ankle musculature, 
along with postural stability and endurance in all athletes suffering from chronic ankle 
instability. These results support the combined use of GISTM and rehabilitation exercises 
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The Research Question 
The prevalence of ankle sprains varies between 75-85 percent4,6,9,10,13,14,15 of all 
ankle injuries, with approximately 85 percent of these sprains caused by an inversion 
trauma.4,6,9,10,13,14,15 Twenty to 40 percent6,7 of these patients will go on to experience 
chronic instability and subsequent disability. However, there is conflicting statistics on 
the percentage of ankle sprains and those caused by inversion trauma. With better 
understanding of the function of the ligament structures and biomechanics of the ankle, 
subsequent injury may be preventable.4,5,6,7,9,10,13,14,15,16,21 
It is postulated that the repair process is similar in function with chronic injuries 
to that of acute injuries. When a ligamentous soft tissue injury occurs, one of the 
damaging mechanisms is scar tissue formation. To assist in removal of excessive scar 
tissue and the healing process, a type of soft tissue mobilization must be used. 
Augmented Soft Tissue Mobilization (ASTM) introduces a more controlled amount of 
microtrauma into an area of excessive scar tissue, therefore, the response of the tendon to 
this microtrauma could involve augmentation of the healing process.36,37,38,39,40,41  Graston 
Instrumented-Assisted Soft Tissue Mobilization (GISTM), another variation of this 
technique, also has shown that it does increase the fibroblast response with the controlled 
movement of the instruments.2,5,6,9,37,42,44 Although most of the original research has been 
on tendons using animal and human subjects, there have been two studies reported using 
ASTM41 and GISTM45 on ligaments.  
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Despite the lack of presence of inflammatory cells, healing is evident following 
GISTM treatment using an animal model.36,37,38,39,40,41 In one study, a significant increase 
in fibroblast number was noted in two of the experimental groups, which illustrates one 
of the reported features of tendon healing: proliferation of fibroblasts.36 Gait analysis 
studies, reported evident healing and earlier recovery of limb function following a 
collagenase injury to the achilles tendon.6,15,16,46,47,48 Early restoration of function, 
promotes mechanical forces to act more rapidly to further collagen fiber realignment and 
thus accelerate the completion of tendon repair.2,5,6,7,9,37,44 
Five clinical trial studies, over the past eight years, have been conducted using the 
ASTM or GISTM technique. Sevier and colleagues40 conducted a trial of ASTM on a 
patient suffering for two years from chronic lateral epicondylitis.40 The patient’s pain and 
disability significantly decreased with an increase in strength, and discontinued use of the 
tennis elbow brace. Wilson and colleagues49 performed ASTM on twenty patients with 
patellar tendinitis. Sixty percent of the traditional rehabilitation group symptoms and pain 
resolved with 100 percent of the ASTM group experiencing complete resolution of 
symptoms and pain. The remaining 40 percent of the patients from the traditional 
rehabilitation group, crossed-over to the ASTM group with 50 percent undergoing 
resolution of symptoms and pain. Hammer and Pfefer50 treated a patient diagnosed with 
subacute lumbar compartment syndrome using GISTM. After several treatments the 
patient was asymptomatic, had nonrestrictive active and passive range of motions in all 
directions, normal functional tests and a significant improvement in hamstring and right 
external rotator flexibility. Aspegren and colleagues51 used GISTM on a patient suffering 
from costochondritis. From the initial visit, there was a decrease in pain and a significant 
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improvement in the Dallas Pain Questionnaire.51 Lastly, Burke and colleagues52 
conducted a pilot study on twenty-two patients with carpal tunnel syndrome using both 
the GISTM and ASTM techniques. There was an increase in nerve conduction latencies, 
increased wrist strength, increased range of motion and had greater patient satisfactory 
ratings.  
Despite case reports and clinical studies, there have been no experimental studies 
conducted on GISTM technique and the effects on chronic ankle sprains. Most of the 
clinical studies and case reports that have been conducted have used animals and human 
subjects for lateral epicondylitis,40 patellar tendinopathy,49 rotator cuff tendinopathy36 and 
achilles tendinopathy.36,37,38,39,40,41 Only two studies involved ligaments.41,45 Melham did a 
case report on chronic ankle pain and fibrosis using the ASTM technique and found pain 
ceased with activity, the subjects range of motion improved, surgical scar matured, and 
the excessive fibrotic connective tissue around the ankle softened and diminished.41 
Loghmani and colleagues45 conducted a study on rats using the GISTM technique in an 
attempt to examine the biomechanical and histological effects of instrumented-assisted 
cross fiber massage (IACFM) on early and long-term ligament healing. Twenty-one rats 
received nine treatments over a four-week period and thirty received thirty treatments 
over twelve weeks. At four and twelve weeks the ligaments were pulled to tensile failure.  
At four weeks a 31 percent increase in strength was found with 34 percent stiffer 
ligament structure compared to the untreated ligament. At twelve weeks a 15.4 percent 
stiffer ligament was found. Histological exams of the ligaments treated with IACFM were 
found to have greater fibroblast proliferation and more regular collagen alignment at 
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either four or twelve weeks.45 In spite of this, no study has furthered evaluated the effects 
of chronic ankle instability and the condition of the ligaments after such an injury. 
Beneficial effects, however, have been noted with dynamic postural balance over 
a four-week period34,35 using chronic ankle instability subjects. Since only a case report 
exists in the literature for chronic ankle instability using Graston Instrument-Assisted 
Soft Tissue Mobilization, the intent of this study is to further evaluate the effects of 
Graston Instrumented-Assisted Soft Tissue Mobilization and dynamic postural balance 
on improvements in healing and function. Therefore, the present study aims to investigate 
the affects of Graston Instrumented-Assisted Soft Tissue Mobilization (GISTM) 
technique and its influence on improving range of motion, neovascularization, collagen 
alignment, pain and disability in individuals experiencing chronic ankle instability. Due 
to no studies exploring the combination of both GISTM treatment and rehabilitation 
protocol being used. 
Therefore, the following research question is being proposed: Can the Graston 
Instrumented-Assisted Soft Tissue Mobilization (GISTM) technique improve range of 
motion, neovascularization, collagen alignment, pain and disability in individuals 
experiencing chronic ankle sprains? 
Experimental Hypotheses 
1. There will be a greater increase in the talocrural range of motion in the group 
using the Graston Instrumented-Assisted Soft Tissue Mobilization technique 
group. 
  
2. There will be a greater increase in neovascularization in the Graston 
Instrumented-Assisted Soft Tissue Mobilization technique group. 
  
3. There will be a significant difference in collagen alignment in the Graston 
Instrumented-Assisted Soft Tissue Mobilization group. 
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4. There will be a decrease in the self-report FADI, FADI Sport and VAS 
questionnaires in the Graston Instrumented-Assisted Soft Tissue Mobilization 
technique group.  
  
5. There will be a significant difference in pre- and post-test results in the Graston 
Instrumented-Assisted Soft Tissue Mobilization group compared to the traditional 
rehabilitation group and the traditional rehabilitation group plus the sham Graston 
Instrumented-Assisted Soft Tissue Mobilization. 
 
Assumptions 
1.   All participants in this study will meet all of the inclusion criteria while no 
participant shall be incorporated if meeting any of the exclusion criteria. 
 
2.   Participants will give maximum effort and perform to the best of their ability 
during training periods and pre/post testing. 
 
3.   The participants will be compliant with their designated rehabilitative programs 
and will return for post-testing. 
 
4.   The clinician will be proficient in performing the Graston Instrumented-Assisted 
Soft Tissue Mobilization technique. 
 
Delimitations 
1.   The small sample size will not be generalizable to the population as a whole.   
2.  Chronic ankle sprains at one institution will not be generalizable to the population 
as a whole. 
 
3. The results of the study will only be generalizable to the use of the Graston 
Instrumented-Assisted Soft Tissue Mobilization technique. 
 
Operational Definitions  
1.   Ankle Arthrometer – Device used to measure mechanical instability.53 
2.   Anterior Talofibular Ligament – A flat, weak band that extends anteriorly and 
medially from the lateral malleolus to the neck of the talus.6,7,15 
 
3.   Athlete – Someone with athletic ability.83 
4.   Brushing – Superficial, linear stroking motions: small amplitude; any direction.99 
5.   Calcanealofibular Ligament – A round cord that passes posteriorly and inferiorly 
from the tip of the lateral malleolus to the lateral surface of the calcaneus.6,7,15 
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6.   Chronic Ankle Sprain – An injury to the lateral ankle ligaments that has occurred 
more than once.7,18  
 
7.   Collagen – The collagen arrangement in ligamentous tissue that is comprised of 
structural, fibrous protein found in all connective tissues.84 
 
8.   Color Doppler Ultrasonography – Diagnostic imagining using the doppler effect 
to identify vascular abnormalities in structures.67 
 
9.   Contralateral – Referring to the opposite side of the body.47 
10. Disability Index – Assesses functional limitations related to foot and ankle 
conditions.55 
 
11. Dominant Leg – Preferred leg used when performing tasks such as kicking a 
soccer ball.47 
 
12. Dynamic Balance-Training – Emphasis on the dynamic stabilization after 
perturbations such as predictable and unpredictable changes in direction, landing, 
from a hop, and dynamic reaching.35 
 
13. Dynamic Postural Control –The ability to stabilize oneself while stationary or 
during movement on a flat or odd surface.47 
 
14. Fanning – A fanning stroke is characterized by the instrument contact points 
moving at different rates in an anchored path. One end of the instrument is 
stabilized, serving as the fulcrum of motion, while the other end is moving, with 
the resistance at the end of the instrument that is moving.99 
 
15. Functional Instability –Recurrent joint instability and the sensation of joint 
instability due to the contributions of any neuromuscular deficit.18 
 
16. Graston Instrumented-Assisted Soft Tissue Mobilization (GISTM) Technique – 
An advanced form of soft tissue mobilization combined with targeted stretching 
and strengthening exercises that is used to detect and release scar tissue, 
adhesions, and fascial restrictions.38 
 
17. Joint Position Sense – The body’s conscious awareness of joint position and 
movement resulting from the proprioceptive input to the central nervous system.14 
 
18. J-Stroke – Superficial or deep stroke in a J-shaped pattern.99 
 
19. Lateral Ankle Injury – Any harm caused to the distal fibula, tarsal bones, 
metatarsal bones, or ligaments, muscles, or tendons surrounding these bones when 
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the ankle is placed in extremes of physiological ROM.6,7,15 
 
20. Mechanical Instability – Laxity of the joint due to structural damage to 
ligamentous tissues which support the joint.18 
 
21. Neovascularization – The proliferation of new blood vessels, especially in tissues 
where circulation has been impaired by trauma.86 
 
22. Posterior Talofibular Ligament – A thick, fairly strong band that runs horizontally 
medially and slightly posteriorly from the malleolar fossa to the lateral tubercle of 
the talus.6,7,15 
 
23. Proprioception –The specialized variation of the sensory modality of touch that 
encompasses the sensation of movement (kinesthesia) and joint position (joint 
position sense).21 
 
24. Range of Motion – The degrees a limb can be moved through a full motion.47 
25. Rehabilitation – Exercises and modalities used in order to help promote healing 
and return a person with an injury to pre-injury state.87 
 
26. Scar Tissue – A dense, fibrous connective tissue that joins the torn fibers of a 
ligament of tendon.41 
 
27. Scooping – Superficial or deep stroke in a scooping pattern.99 
 
28. Subtalar Joint (STJ) – Sits inferiorly to the talocrural joint. The talus is the ceiling 
of the subtalar joint while the calcaneus is the floor. The STJ allows the foot to 
move into inversion and eversion.5,11,47,88,89 
 
29. Sweeping/Scanning – A sweeping stroke is characterized by the instrument 
contact points moving in one direction at the same rate in either a linear or 
curvilinear path.99 
 
30. Talocrural Joint (TCJ) –The tibia forms the medial portion of the ankle; the fibula 
forms the lateral portions of the ankle; and the talus forms the floor of the inferior 
portion of the TCJ. The TCJ is responsible for dorsiflexion and plantarflexion 
motions of the foot.5,11,47,88,89 
 
31. Treatment – Physically treating an injury with modalities and rehabilitation.90 
32. Treatment time – The amount of time it takes to apply treatment. 90 
33. Ultrasonography – Diagnostic imaging in which ultrasound is used to image 
internal body structures.67 
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34. Unilateral – Referring to one side of the body only (a unilateral stance is standing 
on one leg only).47 
 
Limitations  
1.   Participants will drop out of the study at any time or not return for post-testing 
due to injury or other reasons.  
 
2.   Participants will not be compliant with the rehabilitation programs.  
3.   Participants will be exposed to unexpected events that occur throughout the 
course of the study. 
 
4.   Participants will maturate during the study. 
5.   Participants will be subjected to selection bias. 
Significance of the Study 
 To the author’s knowledge, this will be the first study using the Graston 
Instrumented-Assisted Soft Tissue Mobilization (GISTM) technique on humans along 
with a dynamic balance-training program in relationship to chronic ankle sprains in a 
rehabilitation program. Based on past research GISTM increased range of motion, 
increased neovascularization, realigned collagen, remodeled scar tissue, and decreased 
pain and disability. Therefore, since chronic ankle sprains are caused by functional and 
mechanical instability related to decreased range of motion and the healing process 
within and surrounding the ankle, use of GISTM will demonstrate the same benefits. If 
increased range of motion, collagen realignment and restructive scar tissue is remodeled 
in four to eight sessions, then the next step in the protocol would be to incorporate 
GISTM as an accessory treatment for a chronic ankle instability. 
 This study will bring new knowledge to ATC’s as well as other allied health 
professionals and those that practice sports medicine. If this study is able to determine, 
GISTM as an adjunct treatment in the rehabilitation protocol being more effective than a  
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dynamic balance-training program alone, then ATC’s will be able to incorporate 
additional rehabilitative measures for treatment of lateral ankle sprains. With an 
improved, better-quality rehabilitation protocol comes fewer occurrences of reinjury and 
days lost in participation. In an age where technology is advancing and in a setting where 
rehabilitative techniques encompass new styles and techniques, ATC’s could benefit 
from having knowledge of a simple technique that will aid in the healing process for the 
injured individual and possibly return an injured ligament structure back to pre-injury 
status. 
 Finally, to build upon the current knowledge base that exists in sports medicine in 
rehabilitating chronic ankles sprains, this material needs to be disseminated to ATC’s and 
other allied health professionals. A broader knowledge on GISTM and chronic ankle 
sprains can be found in journal publications, presentations, workshops and CEU courses, 
both locally and at national meetings. Certified athletic trainers will be able to more 
effectively treat chronic ankle injuries with an additional therapeutic technique along 




















Chronic ankle instability is a common problem after acute lateral ankle sprains. 
Whether instability is the result of injury with or without demonstrable ankle ligament 
laxity is unclear.1,2,3,4,9,10,12,13,14 The musculature, which in part leads to the instability 
along with the ligaments, can be separated into the talocrural and subtalar joints. The 
talocrural joint consists of the muscles of the anterior compartment and posterior 
compartment and the superficial ligaments of the lateral side along with the deltoid 
ligament medially.1,5,6,9,15,91 The subtalar joint consists of the muscles of the lateral and 
deep posterior compartments and the deep ligaments of the lateral side along with the 
retinacula.1,5,6,9,15,91 During dorsiflexion and plantarflexion the muscles and ligaments of 
the talocrural joint are constantly being eccentrically and concentrically contracted.92,93 
The same can be said for the muscles and ligaments of the subtalar joint that provide 
inversion and eversion to the ankle joint complex.92,93 The occurrence of ankle sprains is 
very common throughout sports and is the single most injury leading to time loss from 
participation.7  The most frequent cause of lateral ankle sprains comes from an excessive 
supinated-inverted position of the ankle.1,7,11,16,89,94 Several subjective tests exist that 
provide a differential diagnosis of the severity of the injury.4,95 However, the reliability of 
objective measures is also applicable and essential.4,95 
Once injury, not necessarily severity of injury has been determined the 
rehabilitation process begins immediately.96,97 A single protocol does not exist for ankle 
rehabilitation partly due to the individualization of each program specifically for the 
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injured athlete.96,97 In four studies,40,41,49,52 a five to ten-minute dynamic warm-up was 
completed to activate and warm the muscles, followed by the Graston Instrument-
Assisted Soft Tissue Mobilization treatment, and concluded with a dynamic 
strengthening program and cryotherapy. A new technique called Graston Instrumented-
Assisted Soft Tissue Mobilization is now being utilized as an adjunct treatment with 
acute and chronic injuries.36,37,38,40,41,49,50,51,52,98 The GISTM increases range of motion, 
increases neovascularization, collagen alignment, scar tissue remodeling and decreases 
pain and disability.36,37,38,40,41,49,50,51,52,82,98 With the GISTM technique being incorporated 
into the rehabilitation protocol, definitive measures of objective data demonstrating the 
GISTM technique’s objectives success, need to be reported.36,37,38,40,41,49,50,51,52,98 
Ultrasonography is a widely used tool and has been proven to be reliable in diagnosising 
ankle sprains and their severity.67,100,101,102,103,104 Objective data is imperative for 
repeatability of a study, however, having subjective data from the patient’s perspective is 
also beneficial.55,58,59,60,105,106,107 
In the literature review, the anatomy of the ankle, biomechanics of the ankle joint, 
epidemiology, etiology, assessment tools for the ankle, the components of traditional 
rehabilitation, Graston Instrumented-Assisted Soft Tissue Mobilization technique, 
ultrasonography, the visual analogue scale (VAS) of Pain and finally the foot and ankle 
disability index will be discussed. 
Anatomy 
 The functional anatomy of the ankle complex is intricate and imperative to know 
when treating ankle sprains. The ankle complex is comprised of three articulations: the 
talocrural joint, the subtalar joint, and the distal tibiofibular syndesmosis.1,5 These joints 
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allow for movement of the rearfoot. Movement of the rearfoot can occur in the sagittal, 
frontal, and the transverse-planes.1,5 In the case of rearfoot movement, a lateral ankle 
sprain can occur affecting the talocrural and subtalar joints. 
 Talocrural joint: The talocrural joint is a hinge joint allowing dorsiflexion and 
plantarflexion movements. The joint is formed by the articulation of the dome of the 
talus, the medial malleolus, the tibial plafond, and the lateral malleolus.1,5,6,9.15 The shape 
allows for torque of the leg to be transmitted into the foot.1,5,6,9.15 The talocrural joint 
receives ligamentous support from a joint capsule and several ligaments, including the 
anterior talofibular ligament (ATFL), posterior talofibular ligament (PTFL), 
calcaneofibular ligament (CFL), and deltoid ligament.1,5,6,9.15 Lateral support is provided 
by the ATFL, PTFL, and CFL, while the deltoid ligament provides medial.   The 
anatomical locations, origin, insertion, angle and length/width of the ligaments are 
described in more detail in Table B1. When the ankle complex is fully loaded, the 
articular surfaces are the primary stabilizers against excessive talar rotation and 
translation; however, the contribution of the ligaments to talocrural joint stability is 
crucial.1,5,6,9.15 The strain of the ATFL increases as the ankle moves from dorsiflexion into 
plantarflexion.1,5,6,9.15 The ATFL demonstrates lower maximal load and energy to failure 
values under tensile stress as compared with the PTFL, CFL, and deltoid ligament.1,5,6,9.15 
The broader insertion of the PTFL on both the talus and fibula, provides restraint to both 
inversion and internal rotation of the loaded talocrural joint.1,5,6,9.15 The CFL restricts 






Table B1. Anatomical Location of Talocrural Joint Ligaments.1,5,6,9.15 
Ligament Origin Insertion Angle Length/Width 
Anterior Talofibular Anterior aspect of 
the distal fibula 
Body of the talus, 
just anterior to the 
articular facet 





Medial surface of 
the lateral malleolus  
 
Medially and 







Anterior border of 
the distal fibula just 





superior to the 
peroneal tubercle of 
the calcaneus 
 









and navicular bones 
  
 
The muscles of the talocrural joint are important to the function of the ankle joint 
complex. The eccentric and concentric actions of the muscles are of great importance in 
injury prevention. The muscles that aid in talocrural joint function are the tibialis anterior, 
extensor digitorum longus, extensor hallicus longus, peroneus tertius, gastrocnemius and 
soleus.91 In Table B2 a detailed look at the location, action and nerve innervation of the 
muscles in relation to the talocrural joint is provided.  
The muscles of the anterior compartment are ankle dorsiflexors and toe extensors.  
The muscles are active in walking as they concentrically contract to raise the forefoot to 
clear the ground during the swing phase of the gait cycle and eccentrically contract to 
lower the forefoot to the ground after heel strike of the stance phase.91 The posterior 
compartment muscles are plantarflexors.  The gastrocnemius and soleus provide the 
power of plantarflexion that propels the body when walking and plays a major role in 





Table B2. The Talocrural Joint Muscles.91 
Muscle Origin Insertion Innervation Main Action 
Tibialis Anterior Lateral condyle 
and superior ½ of 





inferior surfaces of 
medial cuneiform 
and base of 1st 
metatarsal 
Deep fibular nerve 
(L4, L5) 
Dorsiflexes ankle 





Lateral condyle of 
tibia and superior 
¾ of medial 




Middle and distal 
phalanges of 
lateral four digits 
 










Middle part of 





Dorsal aspect of 
base of distal 
phalanx of great 
toe (Hallux) 
 
Deep fibular nerve 
(L5, S1) 
 






Inferior 1/3 of 





Dorsum of base of 
5th metatarsal 
 




and aids in 





lateral aspect of 
lateral condyle of 
femur. Medial 
head: popliteal 
surface of femur, 




of calcaneus via 
calcaneal tendon 
 




when knee is 
extended; raises 
heel during 
walking; flexes leg 




Posterior aspect of 
head of fibula; 
superior quarter of 
posterior surface 
of fibula soleal 
line, medial 
border, and of tibia 
 
Posterior surface 
of calcaneus via 
calcaneal tendon 
 





position of knee 
 
The talocrural joint is innervated by the deep fibular nerve in the anterior 
compartment and accompanied by the anterior tibial artery.91 The posterior compartment 
is innervated by the tibial nerve and accompanied by the posterior tibial artery and the 
fibular artery and accompanying veins.91 
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 Subtalar joint: The subtalar joint is formed by articulations between the talus and 
calcaneus and also converts torque between the leg and foot allowing movements of 
pronation and supination.1,5,108 The subtalar joint is unique in the sense of having two 
separate joint cavities. The posterior subtalar joint is formed between the inferior 
posterior facet of the talus and the superior posterior facet of the calcaneus.1,5,108 The 
anterior subtalar joint is formed from the head of the talus, the anterior-superior-facets, 
the sustentaculum tali of the calcaneus, and the concave proximal surface of the tarsal 
navicular.1,5,108 The anterior and posterior subtalar joints have separate ligamentous joint 
capsules and are separated from each other by the sinus tarsi and canalis tarsi.1,5,108 The 
ligamentous support of the subtalar joint is extensive and not well understood. A more in-
depth look at the ligaments is illustrated in Table B3 including origin and insertion.  
The ligaments can be divided into deep, peripheral and retinacula. The deep 
ligaments consist of the cervical and interosseous ligaments. Together theses ligaments 
stabilize the subtalar joint and form a barrier between the anterior and posterior joint 
capsules.1,5,108 These ligaments, which cross obliquely through the canalis tarsi, have been 
described as the “cruciate ligaments” of the subtalar joint. The cervical ligament lies 
within the sinus tarsi and provides support to both the anterior and posterior joints.1,5,108 It 
is the strongest of the subtalar ligaments and has been shown to resist supination. The 
interosseous ligament because of its diagonal orientation and oblique fiber arrangement 
across the joint, portions are taut throughout pronation and supination.1,5,108 Within the 
peripheral ligaments the CFL is crucial in preventing excessive inversion and internal 
rotation of the calcaneus in relation to the talus.1,5,108 The fibers of the inferior extensor 
retinacula (IER) have been proposed to provide support to the lateral aspect of the 
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subtalar joint.1,5,108 Within the sinus tarsi, three roots of the IER exist including lateral, 
intermediate, and medial. The lateral root of the IER is the only root that reveals any 
significant affect on the subtalar joint.1,5,108 
Table B3. Subtalar Ligaments of the Ankle.1,5,108 
Ligament Origin Insertion 




Cervical tubercle of the calcaneus 
anteriorly 
 




Calcaneus just anterior to the 
posterior subtalar joint capsule 
 








Anterior border of the distal 
fibula just below the origin of the 
ATFL 
 
Small tubercle posterior and 
superior to the peroneal tubercle 
of the calcaneus 
 
Lateral Talocalcaneal  
 
Trochlea of the talus 
 











The muscles of the ankle complex play major roles in concentric and eccentric 
functions. The peroneus longus and brevis muscles cross the ankle complex which help in 
the protection against lateral ankle sprains.1,5,108 In addition to the peroneals, the muscles 
of the deep posterior compartment of the leg may also contribute to the dynamic stability 
of the lateral ankle complex by contracting eccentrically during forced supination of the 
rearfoot.1,5,108 The peroneus longus, peroneus brevis, tibialis posterior, flexor hallicus 
longus, and flexor digitorum longus muscles are in Table B4 which includes origin, 
insertion, main action, and nerve innervation. The subtalar joint is innervated by the 
superficial fibular nerve and tibial nerve.91,108 The anterior tibial artery and fibular artery 
are perforating branches since no one artery courses through the lateral compartment of 
the subtalar joint. The arteries are accompanied by veins.91,108 The posterior tibial artery 
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and nutrient artery of the tibia supply the deep posterior compartment along with their 
accompanying veins.91,108 
The ankle complex of the subtalar joint is compressed in the lateral and deep 
posterior compartments. The lateral compartment contains the primary evertors of the 
foot.91,108 Eversion is used to support or depress the medial foot during toe off of the 
stance phase and to resist inadvertent inversion, preventing injury.91,108 The muscles of 
the deep posterior compartment augment the action through flexion of the digits and 
support of the longitudinal arch of the foot, along with plantarflexion of the ankle.91,108 
Table B4. Ankle Complex Muscles of the Subtalar Joint.91,108 
Muscle Origin Insertion Innervation Main Action 
Peroneus Longus Head and superior 
2/3 of lateral 
surface of fibula 




nerve (L5, S1, S2) 






Inferior 2/3 of 
lateral surface of 
fibula 
 
Dorsal surface of 
tuberosity on lateral 




nerve (L5, S1, S2) 
 








posterior surface of 
tibia inferior to 
soleal line; posterior 





cuboid; bases of 2nd, 
3rd, and 4th 
metatarsals 
 









Inferior 2/3 of 
posterior surface of 




Base of distal 
phalanx of great toe 
(Hallux) 
 
Tibial nerve (S2, 
S3) 
 
Flexes great toe at 









Medial part of 
posterior surface of 
tibia inferior to 
soleal line; by a 
broad tendon to 
fibula 
 
Bases of distal 
phalanges of lateral 
four digits 
 
Tibial nerve (S2, 
S3) 
 










 Lateral ankle sprains are one of the most common athletic injuries. Even more 
concerning is the high recurrence rate after an initial sprain.17 Mechanical instability (MI) 
and functional ankle instability (FAI) have been purposed to be two of the causes of 
chronic ankle instability (CAI).17 A change in a joint’s axis of rotation is due to abnormal 
ankle mechanics such as hypermobility and hypomobility resulting in MI.17 
Proprioceptive, neuromuscular control, strength, and impaired postural control deficits 
are all causes of FAI.17 By examining the normal and abnormal biomechanics of the 
ankle a better understanding of the relationship between the ankle joint complex and 
injury can be made. 
 Kinematics: Motion at one of the joints will cause motion at an adjacent joint, just 
as a malalignments at one joint may cause compensation at a joint proximal or distal.109 
Movement of the ankle cannot occur around only one axis. Ankle motion is a 
combination of dorsiflexion or plantarflexion along with slight internal or external 
rotation and anterior or posterior translation of the talus on the tibia.110  
Ankle motion can be described in regard to the planes in which the motion occurs 
and also the axes around which that movement takes place. During ankle dorsiflexion, the 
talus glides posteriorly and externally rotates in relation to the mortise.1,17 With 
plantarflexion, the talus glides anteriorly and internally rotates.1,17 These motions of the 
talus in relation to the mortise produce a superior-posterior glide and lateral displacement 
of the distal fibula in relation to the tibia.1,17 The axis of rotation of the talocrural joint 
passes through the medial and lateral malleoli. In neutral, the axis is slightly anterior to 
the frontal plane passing through the tibia but slightly posterior to the frontal plane 
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passing through the fibula.1,17,92 Isolated movement occurs primarily in the sagittal plane, 
with a small amount of transverse and frontal plane motion occuring about the oblique 
axis of rotation (anteroposterior axis).1,17,92 Considering the position of the malleoli, the 
axis is laterally rotated 20 to 30 degrees in the transverse plane and slanted about 10 
degrees down on the lateral side.92 Subtalar joint motion is a complex twisting that is the 
result of triplanar motion of the talus around a single oblique axis. The subtalar joint has 
one degree of freedom for pronation and supination.1,17,92 Pronation primarily 
incorporates the cardinal plane motions of eversion and external rotation, while 
supination primarily involves inversion and internal rotation.1,17,92 The subtalar joint has 
two separate joint cavities that share a common axis of rotation, which averages 42 
degrees upward tilt and 23 degrees medial angulation from the perpendicular axes of the 
foot.1,17,92 Ankle range of motion will vary between individuals, but generally, 10 to 20 
degrees of dorsiflexion and 20 to 50 degrees of plantarflexion from neutral is considered 
normal.92,110 Inversion and eversion values usually range between 25 to 35 and 5 to 10 
degrees, respectively.1,17,110 During the stance phase of gait on even ground, the heel 
strikes with minimal inversion at the subtalar joint followed by eversion ranging from 5 
to 10 degrees at 10% of the walking cycle.1,17,110 From there, inversion occurs at the 
subtalar joint reaching a maximum of 5 degrees at 62% of the walking cycle.1,17,110 
Foot position may be abnormal in individuals with altered or deficient 
proprioceptive ability rendering the foot as an unstable base of support for proximal 
problems at the knees, hips, pelvis, or low back. The proper biomechanical alignment of 
the lower extremity, when viewed from an anterior angle, shows a knee that is directly 
over the base of support and is neither in varus nor valgus. From the lateral view, the 
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knee should not be more anterior than the toes during a squat. Also, the leg and back 
should be parallel during a squat and when landing from a height.111 
 Kinetics: Ankle sprains commonly occur during walking and running but also 
during lateral cutting and side-shuffle movements and when landing from a jump.21,48 
Individuals who have functional ankle instability have been shown to have different 
kinetic and kinematic patterns during jump landings compared with those who do not 
have FAI. Those with functional ankle instability used more knee flexion range of motion 
during landing than non-FAI individuals and reach peak ground reaction forces more 
quickly after landing than non-FAI individuals.31 Individuals with functional ankle 
instability demonstrated significantly less peroneal EMG activity and were in a more 
inverted position before initial contact.31 On landing, the functional ankle instability 
individuals reached their peak vertical ground reaction force faster than those who did not 
have FAI.31 Additionally, individuals with functional ankle instability who exhibited 
greater angles of ankle inversion during a drop landing were found to use greater co-
contraction of the ankle dorsiflexor and plantar flexor muscles, which in turn was 
associated with greater impact force at initial contact compared with those with non-
functional ankle instability.31 During landing, the body’s weight is decelerated using 
trunk, hip, and leg musculature.112 Joints of the lower extremity all work together and are 
linked by the kinematic chain. A dysfunction at one level will have an effect at a 
proximal or distal level through the kinetic chain.113 During weight acceptance, the 
subtalar joint moves into pronation in order to absorb shock. While pronated, the foot 
become more flexible for adjusting to uneven ground surfaces.78 Pronation is better suited 
to help the foot maintain balance. When the foot is preparing for push off, a supinated 
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and much more rigid foot structure is evident.109 In the supinated position, dynamic 
postural control is more difficult to maintain because of the smaller base of support 
provided. In individuals with functional ankle instability, the foot tends to supinate more 
easily resulting in the risk of sustaining a lateral ankle sprain.78,109 
Ankle position during acceleration and maximum velocity sprinting is important 
in two realms, joint stability and force production.78,109,112 A dorsiflexed position of the 
ankle is superior in both aspects.78,109,112 Anatomically, the dorsiflexed ankle is more 
stable due to the skeletal construction of the joint, contraction of the plantar flexors, and 
the pre-stretched gastrocnemius and soleus.46,78,109,112,114 This stability allows the ankle 
joint to be resistant to collapse upon ground contact, making short ground contact times 
at high velocities achievable.46,78,109,112,114 Elite sprinters and jumpers seldom vary greatly 
from 90 degrees during the approach.46,78,109,112,114 
The pre-stretch on the gastrocnemius and soleus offer opportunity for necessarily 
quick elastic force generation through tendon reflexes upon ground contact. Without 
introducing greater degrees of plantar flexion upon push-off a delay in toe-off can 
hamper recovery efforts.46,78,109,112,114 Also, since the gastrocnemius originates above the 
knee, keeping the muscle on stretch by dorsiflexing the ankle allows assistance in any 
voluntary knee flexion during recovery, thus allowing the hamstrings to remain 
relaxed.46,78,109,112,114 
Stability of the ankle is of the utmost importance in acceleration, sprinting, and 
jumping. A stable ankle provides a solid base through which the hip and knee joints may 
apply force to the ground.  During acceleration, touchdown occurs on the ball of the foot, 
and excessive collapse in the ankle joint means force will be absorbed rather than 
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transmitted to the ground.46,78,109,112,114 As velocities increase, the ankle is stabilized in a 
slightly plantarflexed position, to facilitate this force application by the ball of the foot 
through the stable ankle.46,78,109,112,114 In either case, the ankle remains stable and the ball 
of the foot acts as a fulcrum and point of force application as the tibia pivots forward, 
rather than allowing the ankle to collapse and the tibia to pivot forward at the 
calcaneus.46,78,109,112,114 
During the final stages of support, a quick force contribution occurs by way of the 
tendon reflex. The fact that many quadruped mammals use the ankle in a similar fashion, 
can give us insight into the correct function of the ankle joint during 
locomotion.46,78,109,112,114 
Conversely, a plantar flexed ankle position results in joint instability and creates 
longer contact times, delaying toe-off and disrupting the location of the base of support 
with respect to the center of mass.46,78,109,112,114 Because of this instability, some collapse 
of the ankle joint upon contact is inevitable, and a compensatory plantar flexion occurs as 
a substitute force producer.46,78,109,112,114 Another compensating strategy involves the 
ankle joint stabilizing upon contact by firing early, out of sequence.46,78,109,112,114 
It is important that any contribution by the ankle be quick, elastic, and reflexive in 
nature.46,78,109,112,114 Excessive contribution by plantar flexion at toe-off results in delayed 
recovery, because the plantar flexors are primarily composed of slow twitch muscle 
fiber.46,78,109,112,114 An unstable ankle joint also delays hip and knee extension because 
establishment of a firm base of support occurs too late, resulting in poor push-offs and 
takeoffs.46,78,109,112,114 Because of time restrictions and reflexes that occur at high speeds, 
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it is not possible to recruit ankle stabilizers at selected points.46,78,109,112,114 Proper ankle 
positioning must be constantly maintained. 
Compressive forces will vary throughout phases of gait as well as position of the 
foot and ankle.109 In normal bilateral weight bearing, 77 to 90 percent of the force from 
the body’s weight is transmitted through the tibial plafond to the talar dome.92 The 
remaining 10 to 23 percent is placed on the medial or lateral facets.92 When inversion is 
increased, the force upon the medial facet is increased as is the force on the lateral facet 
during eversion.92,93 In the early stance phase of gait, the compressive forces transmitted 
to the ankle are less than 20 percent of body weight.92,93 The compressive forces can be as 
high as five times body weight during the late stance phase of normal gait.92,93 In 
addition, a shear force of eight times body weight can act upon the ankle during heel 
off.92,93 
Structural foot type may affect postural sway during static and dynamic postural 
control.78 Hyperpronated and hypersupinated subtalar joints may be less able to control 
postural sway.78 Orthotics have shown to significantly reduce postural sway in those with 
a lateral ankle sprain.78 An increased structural support to both the medial and lateral 
sides of the foot occurs with wearing orthotics. This support does not allow the increased 
subtalar joint movement that occurs in lateral ankle sprains.115 
Epidemiology 
 The most common sports-related injury is an ankle sprain, more specifically 
lateral ankle sprains. An estimated 23,00 to 27,0001,2,3,4 ankle sprains occur per day in the 
United States, which equals approximately one ankle sprain per 10,0001,2,3,4 people daily. 
Seven percent to 10 percent of the ankle sprains account for emergency room visits.4,5 
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However, an estimated 55 percent of individuals suffering an ankle sprain never seek 
medical treatment.1  
Studies have shown that approximately 10 percent to 25 percent4,5,6,7,88 of all 
sports injuries are ankle sprains. Ankle sprains account for 75 percent of all ankle injuries 
with 85 percent due to inversion trauma.6,9,10,11 Due to the inversion mechanism of injury 
predominantly 80 percent to 95 percent affect the lateral ligaments of the ankle.9,12,13,14 
After suffering one ankle sprain, an individual is predisposed to chronic ankle instability. 
The reoccurrence rate of ankle sprains varies in the literature from 20 percent to as high 
as 80 percent.3,6,7,13,15,16,17,18,19,20  
Ankle sprains result in more time loss than any other single injury in athletics. 
Time loss due to ankle injuries is estimated to account for one sixth of all time lost from 
sport. Safran et al.7 stated that approximately 25 percent of time loss in football, 
basketball, and cross country is due to ankle injuries. 
The prevalence of ankle sprains in sport is incredibly significant, especially with 
competition and practice combined. Player contact in games accounts for 58.0 percent of 
injuries while 41.6 percent of player contact in practices results in injury.115 The lower 
extremity is accountable for 53.8 percent of the injuries in games and 53.7 percent in 
practices.115 Since 1998, the NCAA used the Injury Surveillance System to understand 
the epidemiology of injuries via sport and gender.116 Eight men’s teams in the NCAA 
participated in the study including baseball, basketball, football, ice hockey, lacrosse, 
soccer, wrestling, and spring football.116 For ankle ligament sprains, men’s baseball 
accounted for 7.9 percent of all injuries, basketball 26.6 percent, football 13.6 percent, ice 
hockey 4.5 percent, lacrosse 14.4 percent, soccer 17.2 percent, wrestling 7.4 percent, and 
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finally spring football 14.9 percent.116 Overall the frequency of ankle sprains/strains was 
19, 256, with a distribution of 13.1875 percent at a rate of 0.7425 per 1000 athlete-
exposures.116 Eight women’s teams also participated in the study including basketball, 
field hockey, gymnastics, ice hockey, lacrosse, soccer, softball, and volleyball.116 For 
ankle ligament sprains, women’s basketball accounted for 24 percent of all injuries, field 
hockey 10 percent, gymnastics 15.4 percent, ice hockey, 2.8 percent, lacrosse 17.7 
percent, soccer 16.7 percent, softball 9.9 percent, and volleyball 23.8 percent.116 Women 
had a fairly decreased overall frequency of 7,861 compared to the 19,256 of the men, a 
distribution rate of 15.0375 percent at a rate of 0.76625.116 
 Fong et al.117 reported on ankle injuries for 43 sports in many different countries. 
Ankle sprains were the most common injury (33 sports, 76.7%), followed by fracture (7 
sports, 16.3%).117 Of the 43, the fourteen most common American sports (American 
football, basketball, cheerleading, field hockey, gymnastics, ice hockey, lacrosse, rugby, 
indoor soccer, outdoor soccer, softball, tennis, track and field and volleyball) had a 
weighted percentage of ankle sprains ranging from 25.1 to 100 percent.117 In some sports, 
all of the reported ankle injuries were ankle sprains (100%). These sports included 
Australian rules football, field hockey, handball, orienteering, scooter and squash.117 
 In addition to these six sports, ankle sprain percent- age was also >80% in indoor 
volleyball, American football, martial arts, basketball, aeroball, ultimate frisbee, flag 
football, cheerleading, indoor soccer, ice hockey, lacrosse, badminton and netball.117 
Etiology 
 Lateral ankle sprains and recurrent lateral ankle sprains are the most frequent 
injury substained by athletes. Recurrent lateral ankle sprains have been hypothesized as 
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causes of mechanical instability (MI) and functional instability (FAI was reported 
earlier). Mechanical instability refers to laxity of a joint due to structural damage to 
ligamentous tissues, which support the joint, and functional instability stems from 
neuromuscular and proprioceptive deficits.1,10,19,29,30,31  
When a lateral ankle sprain occurs, structural damage not only occurs to the 
ligamentous tissue, but also to the nervous and musculotendinous tissue around the ankle 
complex.1,10,19,29,30,31 The lateral ankle ligaments and joint capsule of the talocrural and 
subtalar joints have been shown to be extensively innervated by mechanoreceptors. A 
disruption of the sensory receptors within the lateral ligamentous structures is believed to 
result in a decreased ability to sense changes in joint position.1,10,19,29,30,31,32 
Mechanoreceptors are most active in the sensation of joint movements near the ends of 
ranges of motion. Mechanoreceptors sense increased tension in the ligaments and send an 
afferent message to the spinal cord. In response, an efferent response is sent to the 
muscles; which can slow or reverse the direction of joint movement.1,10,19,29,30,31,32 
While injury to the ligaments may result in laxity of the joints of the ankle 
complex, neuromuscular deficits are also likely to occur due to the injury to the nervous 
and musculotendinous tissue.1,10,19,29,30,31 These neuromuscular deficits may be manifested 
as impaired balance, reduced joint position sense, slower firing of the peroneal muscles to 
inversion perturbation of the ankle, slowed nerve conduction velocity, impaired 
cutaneous sensation, strength deficits and decreased dorsiflexion range of 
motion.1,10,19,29,30,31 
Many acute lateral ankle sprains occur when performing a lateral cutting 
movement, or landing on an irregular surface, such as the foot of another player, however 
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recurrent lateral ankle sprains are liable to suffer the same mechanism due to the 
neuromuscular deficits of the ankle complex.10,16,18,19,29,30,31 When landing on an irregular 
surface or poorly executing a cut, a large supination torque that supinates and inverts the 
rearfoot excessively results in overloading and damaging the lateral ankle ligaments.16 
The mechanism of injury is in direct relationship to foot positioning and initial contact of 
the rearfoot during gait or landing.1,7,11,16,88,94 An inconsistency has been found in the 
literature as to whether the ankle is in dorsiflexion or plantarflexion when the foot makes 
initial contact with the ground. Hertel1 however, suggested that increased plantarflexion 
at initial contact appears to increase the likelihood of suffering a lateral ankle sprain.  
Excessive inversion and internal rotation of the rearfoot, coupled with external 
rotation of the tibia, results in strain to the lateral ligaments.1,7,11,16,88,94 If the strain in any 
of the ligaments exceeds the tensile strength of the tissues, ligamentous damage 
occurs.1,7,11,16,88,94 However, when the ankle internally rotates in relationship to the tibia, 
predictability of the progression of tears in sequence results.1,7,11,16,88,94 The anterior 
talofibular ligament, the anterolateral capsule, and the distal tibiofibular ligament are the 
first ligaments to tear in a lateral ankle sprain.1,7,11,16,88,94 Continuous strain on the lateral 
ankle will cause the calcaneofibular ligament to tear.1,7,11,16,88,94 With extreme force on 
the lateral ankle, the posterior talofibular ligament ruptures, which is occasionally 
associated with an ankle dislocation, distal lateral malleolar avulsion or spiral fracture, 
medial malleolar fracture, or talar neck or medial compression fractures.1,7,11,16,88,94 
Lateral ankle sprains occur in sports with a high level of jumping, running, and cutting 
and in which involve optimal neuromuscular development and control, balance, and 
quick stop-start movements.6,10,88,118 With the high-intensity nature of sports many factors 
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may predispose an athlete or individual to ankle sprains, more specifically lateral ankle 
sprains. Intrinsic characteristics that may lead to ankle sprains are as follows; 
demographics,11 gender,119,120 height and weight,119 limb dominance,119 previous 
sprain,119 ligamentous stability,11,119 range of motion,119 muscular strength,11,119 foot 
size,119 anatomic foot and ankle alignment,11,119 postural sway,11,119 gait mechanics,11 and 
muscle reaction time.11,119  Some extrinsic risk factors include ankle bracing and taping,119 
shoe type,119 duration and intensity of competition,119,120 sport,120 and player position.119 
Two added characteristics can explain the frequency of occurrences involving the 
lateral ankle. Looking at the anatomy of the ankle, the lateral malleolus projects more 
distally than the medial malleolus producing less bony obstruction to inversion than 
eversion.1,7,11,16,89,94 Also the deltoid ligament is a much stronger ligament than any of the 
lateral ankle ligaments combined.1,7,11,16,86,94 
Assessment Tools 
 The most common mechanism of injury is an athlete who “rolled” over the 
outside of the ankle.4,68,95,121,122,123 The injury can occur from contact or from noncontact 
such as landing on a plantarflexed-inverted foot. The main site of pain and swelling is 
usually localized to the lateral side of the ankle over the ATFL. 4,68,95,121,122,123 Most 
patients have difficulty walking due to pain and discomfort. Ecchymosis can occur 24 to 
48 hours after injury.4 The discoloration is usually along the lateral side but can also 
occur in the retrocalcaneal bursal area and along the heel because of the potential space 
available for swelling and the pooling effect of gravity. 4,68,95,121,122,123  
Many studies suggest performing clinical stability tests for ligamentous 
laxity/damage between four and seven days after the injury.44,68,95,121,122,123 The theory is 
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that the acute pain and swelling will be diminished and the patient will be able to relax 
during the examination. Delaying the grading of the severity of an ankle sprain might 
prevent diagnosis. The anterior drawer test (AD), talar-tilt inversion test (TT) and the 
medial subtalar glide test are all stability tests for the lateral ankle complex. 
 The ATFL is the most commonly injured ligament of the ankle. The anterior 
drawer test evaluates the integrity of the ATFL by the amount of anterior-talar 
displacement that can be produced in the sagittal plane.44,68,95,121,123 To perform the test, 
the patient is seated with the knee flexed to 90 degrees and the involved foot relaxed in 
slight plantarflexion. 44,68,95,121,123 The examiner stabilizes the tibia and fibula with one 
hand and grasps the calcaneus with the other. 44,68,95,121,123 This may also be performed 
with the patient in a prone position. 44,68,95,121,123 While the examiner assures stabilization 
of the distal tibia and fibula, an anterior force is applied to the calcaneus and talus. 
44,68,95,121,123 A positive sign for a possible ATFL sprain is anterior translation of the talus 
away from the ankle mortise that is greater on the involved side, as opposed to the 
noninvolved side. 44,68,95,121,123 The sensitivity of the test can be improved by placing the 
ankle in 10 degrees of plantarflexion. 44,68,95,121,123 
Vela et al.95 stated that the anterior drawer test been has shown to have a 
sensitivity ranging from 32 percent to 80 percent without discrimination of the lateral 
ligaments affected by injury. However, for isolated tears of the ATFL, the anterior drawer 
test has been reported to have a sensitivity of 60 percent and a specificity of 74 percent. 
Stiell et al.124 and Fujil et al,125 on the other hand, have reported poor intertester reliability 
of the anterior drawer test,95 due to the subjectivity and experience of the examiner. 
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The talar tilt inversion test evaluates the integrity of the CFL by the angle 
produced by the tibial plafond and the dome of the talus in response to forceful inversion 
of the hindfoot.4,68,95,121,122 The talar tilt inversion test is performed by having the patient 
lie on the uninvolved side on a table with the involved foot relaxed and the knee flexed to 
90 degrees. 4,68,95,121,122 The examiner stabilizes the distal tibia with one hand while 
grasping the talus with the other. 4,68,95,121,122 The examiner first places the foot in the 
anatomical position (neutral). The examiner then tilts the talus into an adducted position. 
4,68,95,121,122 A positive test reveals range of motion in the adducted position on the 
involved foot greater than that of the noninvolved foot. 4,68,95,121,122 This may be indicative 
of a tear of the CFL of the ankle. 4,68,95,121,122 A general rule is more than ten degrees of 
difference from the noninvolved side is considered abnormal. 4,68,95,121,122 Vela et al.95 
stated that the talar tilt inversion test produced the greatest CFL strain when the test was 
performed in ten degrees of dorsiflexion. Due to performing the test in a more 
plantarflexed position greater strain of the ATFL would occur. The clincial evidence for 
the CFL evaluation is inadequate to make definitive recommendations concerning 
physical examination of isolated CFL lesions. The anterior drawer test appears to be a 
reasonably good test with a reported sensitivity of 68 percent when evaluating combined 
lesions of the ATFL and CFL.95 
Very little research investigating the role of physical examination techniques in 
the diagnosis of subtalar injuries exist in the literature. The medial subtalar-glide test is 
reported to test the laxity of the subtalar joint.4,95 The test is performed with the patient in 
the same position as the anterior drawer, seated and knee flexed to 90 degrees. The 
examiner stabilizes the tibia and fibula with one hand and grasps the plantar surface of 
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the foot with the other hand.4,95 The examiner translates the calcaneus medially 
(inversion) on the talus in the transverse plane.4,95 A positive sign is increased laxity on 
the involved compared to the uninvolved.4,95 The sensitivity and specificity of this test is 
unknown.4,95 However, Vela et al.95 stated that Hertel et al.15 has found good agreement 
between the results of the medial subtalar-glide test and those of subtalar stress images in 
patients. Denegar et al.127 also reported significantly greater laxity with the medial 
subtalar-glide test in the injured limb compared to the uninjured limb. 
Two objective measures of ankle laxity and range of motion is the ankle 
arthrometer and the goniometer. An ankle arthrometer provides instrumented 
measurement of the load-displacement characteristics of the ankle complex.128,129 The 
ankle arthrometer is a method for assessing translatory and uniplanar rotary displacement 
of the foot in relation to the leg that result from the combined motions within the 
talocrural and subtalar joints. 128,129 Kovaleski et al.129 found a high reliability coefficient 
between intratester and intertester trials (ICC=.80 to .97) and a low standard of error 
measurement demonstrating small measurement differences between testers.  
Visual estimation is commonly used in clinical practice and is very insufficient 
and unreliable.63,64,65 Menadue et al.63 stated that inter-observer reliability for visual 
estimation of active plantarflexion and dorsiflexion is very low. Menadue et al.63 used the 
goniometric measurement protocol for inversion and eversion. Menadue and colleagues 
found within session intra-observer reliability high to very high ranging from ICC=0.82 
to 0.96.  No significant difference was found in ICC scores between position or directions 
of movement. Between-session intra-observer reliability ranged from low to high 
(ICC=0.42 to 0.80) but highest for inversion.  Goniometric measurements of inversion 
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were moderately well correlated between the prone and sitting positions. Overall, 
reliability of standardized measurement of ankle inversion and eversion range of motion 
was variable within observers, between observers and between-sessions. 
Rome and Coweison64 examined intratester and intertester reliability for 
goniometric measurements of ankle dorsiflexion (ADF) and ankle plantar flexion (APF) 
active range of motion (AROM). For intratester reliability of measurements obtained with 
the universal goniometer (UG), intraclass correlation coefficients (ICC) for all physical 
therapists were 0.64 to 0.92 (median, 0.825) for ADF and 0.47 to 0.96 (median, 0.865) 
for APF.  Intertester reliability was quantified with use of ICCs. Measurements obtained 
by UG were 0.28 for ADF and 0.25 for APF; ICC of visual estimation (VE) for ADF was 
0.34 and was 0.48 for APF. For parallel-forms intratester reliability obtained with UG 
and VE ranged from 0 to 0.94 (median, 0.58) for ADF and 0 to 0.86 (median, 0.625) for 
APF.  Thus, a physical therapist may use a goniometer when making repeated 
measurements of ankle joint AROM. Considerable inconsistency exists when two or 
more physical therapists make repeated goniometric and visual measurements of ankle 
motion on the same subject. 
Traditional Rehabilitation 
 In chronic ligament injury, the normal healing process of connective tissue is 
disrupted. Normal tissue remodeling is prevented by stresses and 
hypovascularity.24,25,26,27 Connective tissue tends to become shorter and denser as it heals, 
unless it has beneficial conditions.24,25,26,27 This contracture and thickening partially 
results from the increased interfiber bonding in a shortened state.24,25,26,27 The individual 
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fibers lose gliding capacity and mobility relative to each other, as do bundles of fibers, 
and whole ligaments relative to their surrounding structures.24,25,26,27 
 The adhesion process of fibers and layers of tissue leads to reduced extensibility 
and mobility.24,25,26,27With poor circulation, hypoxia, and continued tearing, tissue 
regrowth takes the form of scar tissue as tears coalesce in portions of the ligament.24 Scar 
tissue is weaker than the normal fiber.24,25,26,27 The water content and amount of ground 
substance of the tissue is reduced. There is a lessening of a normal ratio of ground 
substance to collagen fibers, which is another factor causing a denser, less compliant 
structure and impaired metabolism of the tissue.24,25,26,27By-products of tissue 
degeneration and breakdown can form deposits in the ligament, disrupting 
function.24,25,26,27 
 In chronic injury the normal bi-directional fiber arrangement is disorganized, 
which reduces extensibility and strength. Prolonged low-grade inflammation is 
maintained along with disturbed lymphatic and vascular flow.24,25,26,27 This also causes 
abnormal metabolic function in the tissue.24,25,26,27 Ligaments can exhibit both hypo- and 
hyper-mobility.24,25,26,27 Often, both of these conditions exist in different portions of the 
same structure.24,25,26,27 There is a disruption of balanced neural activity, as the ligament 
receptors report inappropriate strain signals caused by the irritation of the tissue.24,25,26,27 
This causes an ongoing stress on the ligament due to muscular tension, uncoordinated 
movement, and joint instability. All these factors contribute to general neurotrophic 
disturbance and impairment of circulation in the tissue.24,25,26,27 
In the literature, variations of chronic ankle instability34,35 rehabilitation have been 
reported. Guidelines can be established for a rehabilitation program; but it is important 
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that a cookbook approach be avoided.25 Rather the development of a rehabilitation plan is 
highly individualized based on the particular needs and demands of the sport. This is 
largely due to the many factors that enter into each athlete’s situation to be able to apply a 
standard treatment regimen for all. Once a complete understanding of the injury, 
including knowledge of mechanism, major anatomical structures affected, severity, and 
injury healing phases, then guidelines for a rehabilitation program can be established. 
 Hertel and Denegar130 described a hierarchy of rehabilitation goals including the 
neuromuscular control paradigm. The hierarchy of rehabilitation goals is a pyramid 
incorporating the phases of healing from phase one to return to full participation. (Figure 
B1) 
Figure B1. Hierarchy of rehabilitation goals.130 
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The foot of the pyramid begins phase one or the acute inflammatory response 
phase which begins immediately and can last up to four days.7,25,96,97 In the initial 
inflammatory phase, erythrocytes and inflammatory cells, particularly neutrophils, enter 
the site of injury.24,25 In the first 24 hours, monocytes and macrophages predominate, and 
phagocytosis of necrotic materials occurs. Vasoactive and chemotactic factors are 
released with increased vascular permeability, initiation of angiogenesis, stimulation of 
fibrocytes proliferation, and recruitment of more inflammatory cells.24,25 The fibrocytes 
gradually migrate to the injury site, and type III collagen synthesis is initiated.24,25 In 
essence, the inflammatory stage of healing controls and cleans up of the injured tissues, 
thus creating an environment that is conducive to the fibroblastic repair. 7,24,25,96,97  The 
primary focus of rehabilitation during this phase is to control swelling and to modulate 
pain by protection of the injured tissues. Cryotherapy,131,132,133 compression,90 and 
elevation 134 along with medication and modalities such as transcutaneous electrical nerve 
stimulation are used in various combination to achieve these 
goals.7,27,96,97,126,128,129,131,132,133,134 Strategies to control pain and swelling must be 
minimized and managed before a rehabilitation program can progress beyond the 
restoration of volitional muscle control.   
Once pain and swelling are maintained and controlled, efforts to restore range of 
motion and restoration of control of volitional muscle contractions my be initiated, 
provided that the healing tissues are not compromised by the exercises.126 This is phase 
two or the fibroblastic repair phase which begins once the inflammatory response has 
subsided.7,24,25,96,97 During this stage of the healing process, synthesis of type III collagen 
is peaking due to the fibroblastic cells laying down a matrix of collagen fibers.24,25 
  87 
However, as the type III collagen fibers are receding, the type I collagen synthesis 
process is commencing. 7,24,25,27,96,97 The water content and glycosaminoglycan 
concentrations remain high for proliferation of fibroblasts, collagen synthesis and 
fibrogenesis, formulation of granulation tissue, and dense fibrous scar formation.24,25,27 
Phase two may begin as early as four days after the injury and may last for several 
weeks.7,24,25,27,96,97 Modality use during this phase is used exclusively to maintain and 
control pain and swelling.7,96,97 Therefore, treatments such as cryotherapy131,132,133 and 
electrical stimulation are acceptable.96,97 
The next goal of rehabilitation should be the restoration of volitional muscle 
contractions, restoration of range of motion,128,129 and maintain cardiovascular 
fitness.128,129 Not all athletic injuries result in significant loss of one’s ability to control 
muscle contractions.130 However, volitional control of muscle contraction should be 
assessed as needed prior to progressing the athlete into strength and functional 
retraining.130 At the second lower tier of the hierarchy of rehabilitation goals pyramid 
towel stretches,128,129,136 slant board,128,129,136 alphabet drawing,128,129 wobble 
board,31,48,83,128,129,136,137 and BAPS31,48,83,128,129,136,137 board are all exercises that can be 
incorporated to increase control of volitional muscle contractions and range of motion.  
The third tier from the top of the hierarchy of rehabilitation goals pyramid focuses 
on the restoration of reflex reactions and restoration of strength and endurance. This is 
the third phase or maturation-remodeling and is the longest of the three and may last for 
three weeks up to one year, depending on the severity of the injury.7,24,25,96,97 After 
approximately six weeks, the maturation-remodeling phase commences with the healing 
tissue only about 30 percent healthy.24,25,27  During this stage, the healing tissue is resized 
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and reshaped. A corresponding decrease in cellularity, collagen and glycosaminoglycan 
synthesis occurs.24,25 The maturation-remodeling phase can be divided into a 
consolidation and maturation stage. The consolidation stage commences at about six 
weeks and continues up to ten weeks. In this period, the repair tissue changes from 
cellular to fibrous. Fibrocyte metabolism remains high during this period, and fibrocytes 
and collagen fibers become aligned in the direction of stress.24,25 A high proportion of 
type I collagen is synthesized during this stage. After ten weeks, the maturation stage 
occurs, with gradual changes of fibrous tissue to scar-like tissue over the course of one 
year.24,25 During the latter half of this stage, fibrocyte metabolism and vascularity 
decline.24,25 
The priorities in the rehabilitation program include improving reflex responses 
and strengthening. Closed kinetic chain activities that maximize input from joint 
mechanoreceptors are ideal for retraining reflex responses and sensorimotor facilitation in 
the lower extremity.127 Single- and double-leg; wobble board,31,48,83,128,129,136,137 BAPS 
board,31,48,83,128,129,136,137 Dyna Disk,31,48,83,128,129,136,137 Airex,31,48,83,128,129,136,137 mini 
squats,31,48,83,128,129,136,137 Star Excursion Balance Test,20,71,130 and leg 
press31,48,83,128,129,136,137 are but a few examples of closed kinetic chain activities that can 
help enhance reflex responses. Having eyes opened and closed, uncompromised surfaces, 
object toss, and adding rhythmic stabilization, can increase the difficulty of the 
exercise.31,48,83,128,129,136,137 However, open kinetic chain activities facilitate in maximizing 
joint position sense. 
Hale et al.34 in a 4-week rehabilitation program found subjects with chronic ankle 
instability demonstrated deficits in postural control and SEBT reach tasks of the involved 
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limb compared to the uninvolved limb and reported functional deficits of the involved 
limb compared to healthy subjects. Following rehabilitation, the chronic ankle instability-
rehabilitation group had greater SEBT reach improvements on the involved limb than the 
other groups and greater improvements in FADI and FADI-Sport scores. Hale et al.34 
concluded that postural control and functional limitations exist in individuals with 
chronic ankle instability. In addition, rehabilitation appears to improve these functional 
limitations. Finally, there is evidence to suggest the SEBT may be a good functional 
measure to monitor change after rehabilitation for chronic ankle instability. 
McKeon et al.35 found that a 4-week progressive balancing-training program that 
emphasized dynamic stabilization after a landing from a hop, in a variety of directions 
and conditions significantly improved self-reported functional status, static postural 
control assessed by measures of time-to-boundary magnitude and variability, and 
dynamic postural control as assessed with SEBT reach distance.  
Strength training can be accomplished in various ways, and programs should be 
tailored to the athlete’s own needs.130 In general, high-repetition/low resistance exercises 
should precede high-resistance exercises and power work.130 Restoration of muscular 
endurance is vital for returning to unrestricted sports performance.130 Muscular strength, 
endurance, and power are among the most essential factors in restoring the function of a 
body part to pre-injury status.29,48,83,96,97,128,129,137 Isometric, isotonic (progressive 
resistive), isokinetic, and plyometric exercises can be beneficial in rehabilitation.29,96,97,130 
A major goal in performing the exercises is to work through a full range of 
motion.31,48,83,128,129,136,137 A functional rehabilitation-strengthening plan should involve 
exercises in all three plane of motion, concentrate on a combination of concentric, 
  90 
eccentric, and isometric exercises designed to increase strength through a full multiplanar 
range of motion.31,48,83,128,129,136,137 Strengthening exercises are very intricate in their 
specific functions. For instance isometric 4-way ankle,29,31,48,83,128,129,130,136,137 isotonic 4-
way ankle (adding tubing, bands, cuff weights),29,31,48,83,128,129,130,136,137 toe 
raises,29,31,48,83,128,129,130,136,137 toe walks,29,31,48,83,128,129,130,136,137 toe 
curls,29,31,48,83,128,129,130,136,137 heel walks,29,31,48,83,128,129,130,136,137 marble pick-
up,29,31,48,83,128,129,130,136,137 PNF,29,31,48,83,128,129,130,136,137 and box jumping (different 
heights)29,31,48,83,128,129,130,136,137 all function to provide resistance to a particular muscle, 
group of muscles, or ligament structure. 
As the injured athlete progresses through the lower three tiers of the hierarchy of 
rehabilitation goals pyramid, the athlete can progress to the restoration/retraining of 
pattern-generated movements. Pattern-generated movements involve a series of gradual 
progressive activities designed to prepare the individual for return to a specific 
sport.7,96,97,130 Pattern-generated movements can be as complex or simple as needed. The 
athlete may perform at different levels for each of these functional sequences.7,96,97,130 
The restoration of pattern-generated movements is copious and also highly 
individualized. Examples of which are a running progression, walking,128,129,130 
walk/jog,128,129,130 jogging,128,129,130 jog/run,128,129,130 and running,128,129,130  double-to-
single leg hop,128,129,130 figure 8’s running and hopping,128,129,130 stair running (one-to-two 
steps),128,129,130 and skipping.128,129,130 Activities should be specific to the athlete’s sport 
such as kicking a ball, jumping for a pass, running routes, or rebounding. All exercise are 
performed at various speeds and intensities.7,128,129,130 
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Finally the upper tier, return to functional activity is reached.7,96,97 However, 
before considering returning an athlete to full participation, the athlete should have full, 
pain free range of motion, at least 80 to 90 percent of pre-injury strength, and if full 
practice is tolerable without insult to the injured part, the athlete may return to 
competition. 7,96,97,138 A general guideline for functional exercise is that the athlete should 
be able to do tomorrow what was completed today. If not, this means the rehabilitation is 
being forced too rapidly given the state of the healing tissues.  
Unlike training, retraining calls for great respect of pain. Pain during activities 
that alters movement patterns indicates that the healing tissues are being stressed. In other 
words, it is too soon to attempt this particular exercise at this stage of recovery. In 
addition, excessive stress to healing tissues can lead to an increase in pain later.130 
Graston Instrumented-Assisted Soft Tissue Mobilization 
 In the early 1990’s the Graston Instrumented-Assisted Soft Tissue Mobilization  
(GISTM) technique was researched at Ball State Memorial Hospital and Ball State 
University in Muncie, Indiana.99 In 1994, the technique became the cornerstone for 
treatment of chronic and acute injuries at the TherapyCare Resources out-patient clinic in 
Indianapolis. Data was gathered in a five year period following adaptation of the 
GISTM.99 
 The developer of the technique created the instruments out of necessity. After 
suffering a severe knee injury while water skiing and failing to respond to surgery and 
conventional therapies, the technique was developed. With the assistance of an elite track 
and football athlete, and combined knowledge of the musculoskeletal system with a 
professional background as a tool and die marker, the instruments were designed.99 
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 Graston Instrumented-Assisted Soft Tissue Mobilization (GISTM) is an advanced 
form of soft tissue mobilization combined with targeted stretching and strengthening 
exercises that is used to detect and release scar tissue, adhesions, and fascial 
restrictions.36,37,38,39,40,41,50,51,52 The technique uses patented stainless steel instruments that 
are designed to adapt to the various contours of the body.36,37,38,39,40,41,50,51,52 GISTM is an 
advancement of soft tissue mobilization (STM) and cross friction massage that allows the 
clinician to detect and treat soft tissue dysfunctions in a precise and specific 
manner.36,37,38,39,40,41,50,51,52 
 The patented stainless steel instruments are specially designed with beveled 
edges36,37,38,39,40,41,50,51,52 utilizing concavity and convexity by increasing the mechanical 
advantage of a lever to enhance the clinician’s ability to perform GISTM. The 
instruments are utilized in a multidirectional stroking fashion applied to the skin at 30 to 
60 degree angles at the treatment site.38,51,52 This application allows the clinician to detect 
irregularities in the soft tissue texture through “tactile feedback.”52 With the gliding of the 
instruments a controlled amount of microtrauma to the area occur producing 
inflammation and the initiation of the healing response.36,37,38,39,40,41,50,51,52 
 The controlled microtrauma causes microvascular trauma and capillary 
hemorrhage that induces a localized inflammatory response.36,37,40,41,50 It is believed that 
the beveled edges and angulation of strokes is thought to trigger the localized 
inflammatory response as a result of contacting areas of fibrosis.98 The inflammatory 
response is the first step in initiating the body’s healing cascade.36,37,40,41,50 The tissue 
then moves from an inactive degenerative state to an active inflammatory stage; when 
blood platelets and fibrin begin filling the damaged tissue and fibroblasts and phagocytic 
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cells migrate to the injury site.36,37,40,41,50 A progression into the proliferative stage occurs 
as fibroblasts increase in number and synthesize collagen. Fibroblasts initiate production 
of fibronectin.36,37,40,41,50 A reduction in cellularity and realignment of collagen fibers 
begin the remodeling stage and the shift of immature Type III collagen to mature Type I 
collagen as fibronectin production decreases.36,37,40,41,50 
 A unique characteristic of tendon healing is proliferation of fibroblasts. Davidson 
et al.36 and Gehlsen et al.37 both found a difference in fibroblast proliferation in induced 
achilles tendon injuries in rats using Augmented Soft Tissue Mobilization (ASTM) 
technique as an adjunct to traditional rehabilitation. The hallmark sign of a tendon injury 
is collagen fiber disruption and misalignment, which were present in both the Davidson et 
al.36 and Gehlsen et al.37 studies. However, there was no evidence of phase three or the 
maturation-remodeling stage of healing taking place in either of the studies by Davidson 
et al.36 and Gehlsen et al.37 Davidsion et al.36 stated that the explanation for realignment 
during the maturation-remodeling stage is unclear.36,37 In recent studies, the issue of 
mechanical force eliciting cellular responses has gained support. 6,37 Gehlsen et al.37 
stated that mechanical stimuli have been shown to alter many cellular functions including 
ion transport, release of second messengers, protein synthesis, secretion, and even gene 
expression. The mechanical stimulation applied to cells by GISTM may play an 
imperative role in modifying cellular functions thus leading to fibroblast proliferation and 
increased activation.37  
In spite of this, the Davidson et al.36 and Gehlsen et al.37 studies are the only two 
experimental studies that elicit objective findings. Several case reports have been 
conducted using soft tissue mobilization techniques. The case reports were performed on 
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humans not animals thus the plethora of subjective and inadequacy of objective data. In 
addition, majority of the soft tissue mobilization studies focus on tendon injuries.  
Five clinical trial studies, over the past eight years, have been conducted using the 
ASTM or GISTM technique. Sevier and colleagues 40 conducted a trial of ASTM on a 
patient suffering for two years from chronic lateral epicondylitis. The patient’s pain and 
disability significantly decreased with an increase in strength. The patient has since 
discontinued the use of the tennis elbow brace as well. Wilson and colleagues49 performed 
ASTM on twenty patients with patellar tendinitis. Sixty percent of the traditional 
rehabilitation group symptoms and pain resolved and 100 percent of the ASTM group 
had complete resolution of symptoms and pain. The remaining 40 percent from the 
traditional rehabilitation group, crossed-over to the ASTM group and 50 percent of the 
crossover group had resolution of symptoms and pain.40 Hammer and Pfefer50 treated a 
patient diagnosed with subacute lumbar compartment syndrome using GISTM.50 The 
patient after several treatments was asymptomatic, had nonrestrictive active and passive 
range of motions in all directions, normal functional tests and finally had a significant 
improvement in hamstring and right external rotators flexibility. Aspegren and 
colleagues51 used GISTM on a patient suffering from costochondritis.  There was a 
decrease in pain and a significant improvement in the Dallas Pain Questionnaire from the 
initial visit. Lastly, Burke and colleagues52 conducted a pilot study on twenty-two 
patients with carpal tunnel syndrome using both the GISTM and ASTM techniques. 
There was an increase in nerve conduction latencies, increased wrist strength, increased 
range of motion and had greater patient satisfactory ratings.52  
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There have been no experimental studies conducted on GISTM technique and its 
effects on chronic ankle sprains. Most of the clinical studies and case reports that have 
been conducted have used animals and some human subjects for lateral epicondylitis,40 
patellar tendinopathy,49 rotator cuff tendinopathy36 and achilles tendinopathy.36,37,38,39,40,41 
Melham41 completed a case report on chronic ankle pain and fibrosis using the 
augmented soft tissue mobilization technique (ASTM) and found pain ceased with 
activity, the subjects range of motion improved, surgical scar matured, and the excessive 
fibrotic connective tissue around the ankle softened and diminished.  Loghmani and 
colleagues45 conducted a study on rats using the GISTM technique in an attempt to 
examine the biomechanical and histological effects of instrumented-assisted cross fiber 
massage (IACFM) on early and long-term ligament healing. Twenty-one rats received 
nine treatments over a four-week period and thirty received thirty treatments over twelve 
weeks.  At four and twelve weeks the ligaments were pulled to tensile failure. At four 
weeks a 31 percent increase in strength was found with 34 percent stiffer ligament 
structure compared to the untreated ligament.  Following twelve weeks a 15.4 percent 
stiffer ligament was found.  A histological exam of the ligaments treated with IACFM 
were found to have greater fibroblast proliferation and more regular collagen alignment at 
both four or twelve weeks.  In spite of this, no study has furthered evaluated the effects of 
chronic ankle sprains and the condition of the ligaments after such an injury. 
Ultrasonography 
 Ultrasonography is an imaging method that uses high-frequency sound waves to 
produce precise images of structures within the body.100 This imaging technique is a 
valuable complementary clinical tool enabling clinicians to improve the accuracy of their 
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diagnostic skills and management decisions essential for maintaining the highest 
standards of patient care.83 
 Ultrasonography has a number of advantages over other imaging methods, 
including non-invasiveness, safety, rapidity of performance, inexpensive, ability to scan 
multiple joints, repeatability, ability to do dynamic evaluations, and high patient 
acceptability.67,100,101,102,103,104 Despite the many advantages, ultrasonography is operator 
dependent 67,100,101,102,103,104 and has an inherent learning curve.67  
 Studies have found that ultrasonography is effective in diagnosing ankle ligament 
injuries, most notably those affecting the anterior talofibular ligament (ATFL). Van Dijk 
et al.68 reported ultrasonography with a 92 percent sensitivity and 64 percent specificity 
for diagnosing injuries to the lateral ankle ligaments. Unfamiliarity of the technique, 
anatomy and pathology of assessing the lateral ankle complex can lead to a major 
limitation and inconvenience. Therefore, knowledge of the correct positioning of the 
ultrasonography probe is imperative. The ATFL inserts from the anterior aspect of the 
talus, therefore, the probe is placed in a slightly oblique position from the malleolus 
toward the forefoot. 67,100,101,102,103,104 The ligament is hyperechoic when the fibers are 
perpendicular to the ultrasound beam67,100,101,102,103,104 Being approximately two mm 
thick, during examination, the ATF ligament must be straight and tight from one insertion 
point to the other. 67,100,101,102,103,104 The PTFL runs from the posterior part of the 
malleolus to the posterior part of the talus, and is difficult to see on ultrasonography, 
being partially or sometimes completely hidden by the malleolus. 67,100,101,102,103,104 The 
CFL forms the middle portion of the lateral collateral ligament and is between the inferior 
part of the lateral malleolus and the calcaneus, and runs in a slightly posterior oblique 
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direction toward the calcaneus. 67,100,101,102,103,104 The CFL is approximately two-three mm 
thick and is hyperechoic in the distal two-thirds only because of the obliquity of the 
proximal part. 67,100,101,102,103,104 When examining, the ankle must be dorsiflexed to allow 
the ligament to be seen more clearly. 67,100,101,102,103,104 With sufficient knowledge of ankle 
technique, anatomy, and pathology, ultrasonography will be a reliable and effective 
means for detecting injury, especially that of ligamentous structures. 
Visual Analogue Scale (VAS) of Pain  
 Accurate estimation of the patient’s pain is crucial in the process of pain relief. 
However, pain assessment is a difficult and complex task. Unlike other physiological 
conditions for which severity can be assessed with quantitative measures, there is no 
medical test or physiological index that provides an objective measure of pain.58,59 
 Traditionally, the strategy to measure pain has been to use intensity scales 
anchored by number and/or words descriptive of different degrees of pain.58,59,60,61,62 
However, these scales have often been criticized for their lack of sensitivity.58,59,60,61,62 
 Over the decades, the visual analogue scale (VAS) has come to be one of the most 
popular methods for measurement of pain intensity.58,59,60 The VAS consists of a  ten cm 
line anchored by two extremes of pain, usually “no pain” and “unbearable 
pain.”58,59,60,61,62 The patient is asked to make a vertical mark through the line 
corresponding to the intensity of pain. 58,59,60,61,62 The scale is scored by measuring the 
distance in mm from “no pain” to the patient’s mark. 58,59,60,61,62 Simple and reproducible, 
the VAS has been shown to yield valid and reliable pain estimates; furthermore, several 
studies have demonstrated that VAS is usually more sensitive than traditional descriptive 
pain scales for detecting fine changes in pain levels. 58,59,60,61,62 
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 Of great significance, at least for research purposes, is the fact that the VAS 
provides ratio data and permits the use of parametric statistics. 58,59,60,61,62 Test-retest 
reliability has been reported to be high and concurrent validity has been found to be 
moderate for the VAS. 58,59,60,61,62 The VAS is considered a strong, clinically useful, 
reliable and valid measure of pain intensity. 58,59,60,61,62 
 However, several disadvantages of the VAS have been pointed out. First, the 
VAS is physically awkward for patients who have perceptual/motor problems that 
preclude marking the line with a pen. 58,59,60,61,62 Second, the VAS does not provide an 
immediate result that can be readily documented. 58,59,60,61,62 Third, a significant 
correlation between the number of incorrect responses to the VAS and age appears to 
exist. 58,59,60,61,62 Fourth, measurement errors as simple as changes in the length of the line 
from photocopying can occur. 58,59,60,61,62 Finally, several studies have shown that some 
patients have difficulty in understanding the VAS; however, providing adequately clear 
instructions can minimize this problem. 58,59,60,61,62 
Foot and Ankle Ability Measures Questionnaire 
 An assessment of an injury should include both objective and subjective 
measurements. Patient-assessed measures would provide a feasible and appropriate 
method for addressing concerns of the patient105 during rehabilitation. Researchers 
believe that both psychological and psychosocial factors are related to the development of 
chronic health problems and determine the level of disabilities and participation 
problems.105 Therefore, in chronic health problems like chronic ankle instability, the 
degree of present impairments, disabilities, participation problems and decreased quality 
of life should be documented from the patient’s perspective.105 
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 The Foot and Ankle Ability Measures of Activities of Daily Living (FAAM ADL) 
and FAAM Sport are designed to meet the need for a self-reported evaluative instrument 
that comprehensively assesses physical function of individuals with musculoskeletal 
disorders of the leg, foot, and ankle.56 The FAAM is a region-specific self-report of 
function with two components just like the Functional Ankle Disability Index 
(FADI).55,56 The FAAM ADL is 21-item questionnaire related to activities of daily living 
and the FAAM Sport incorporates eight more items that evaluate perceived disability due 
to foot or ankle injury in activities associated with physical activity and sport 
participation.55,56  
      Martin et al. 56 reported that the FAAM ADL and FAAM Sport are reliable, valid, and 
responsive measure of self-reported physical function.  Validity evidence was provided 
for test content, internal structure, score stability, and responsiveness. Test retest 
reliability was 0.89 and 0.87 for the ADL and Sports subscales, respectively. 56 The 
minimal detectable change based on a 95 percent confidence interval was +5.7 and +-
12.3 points for the ADL and Sports subscales, respectively. 56 Two-way repeated 
measures ANOVA and ROC analysis found both the ADL and Sport subscales were 
responsive to changes in status (p < 0.05). 56 The minimal clinically important differences 
were 8 and 9 points for the ADL and Sport subscales. 56 Guyatt responsive index and 
ROC analysis found the ADL subscale was more responsive than general measures of 
physical function while the Sports subscale was not. 56 Then Carcia et al57 reported that 
for both the ADL and Sports subscales, FAAM scores were greater in healthy participants 
(100+0.0 and 99+3.5) than in subjects with CAI (88+7.7 and 76+12.7; P < .001). 57 
Similarly, for both ADL and Sports subscales, FAAM scores were greater in athletes who 
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indicated that their ankles were normal (98+6.3 and 96+6.9) than in those who classified 
their ankles as either nearly normal, or abnormal (87+6.6 and 71+11.1; P <.001). 57 
Carcia et al57 found relationships between FAAM scores and self-reported global ratings 
of function for both ADL and Sports subscales. Relationships were stronger when all 
athletes, rather than just those with CAI, were included in the analyses. Compared with 
other instruments, the FAAM ADL and FAAM Sport are measures specific to the leg, 
foot and ankle that show promise in quantifying function among a young, active 
population with chronic ankle instability.56,57 
      The directions consisted of instructions to answer every question with one response 
that most closely described their condition within the past week.55, 56 If the activity in 
question is limited by something other than the foot or ankle, N/A is marked. Activity is 
rated as no difficulty at all (4 points), slight difficulty (3 points), moderate difficulty (2 
points), extreme difficulty (1 point), unable to do (0 points), or N/A (not applicable). For 
pain related to the foot and ankle, patients select no pain (4 points), mild (3 points), 
moderate (2 points), severe (1 point), or unbearable (0 points).55, 56 The FAAM scores are 
recorded as a percentage of 84 points.55 56 The FAAM Sport scores are recorded as a 
percentage of 32 points.55 56 Additionally, the patient is asked to rate their current level of 
function during usual ADLs and sport activities from 0-100 percent. 56 
Summary 
 Ankle sprains are a common injury among any population. The intricate anatomy 
of the ankle includes articulations, muscles, tendons, ligaments, and nerves. Mechanics of 
the talocrural and subtalar joint provide an understanding of mechanical and functional 
ankle instability. The prevalence of ankle injuries is common in sports and accounts for 
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the most time lost than any other single injury alone. Many intrinsic and extrinsic factors 
may predispose an individual to ankle sprains. A common cause of a lateral ankle sprain 
occurs from a large supination torque, excessive supination and inversion of the rearfoot, 
lateral cutting movements, or landing on irregular surfaces are other causes. The anterior 
drawer test, talar tilt inversion test, medial subtalar glide test, and the ankle arthrometer 
have been found sufficient in prognosis of ankle injuries, specifically those of the ATFL 
and CFL. Many variations of ankle injury rehabilitation programs have been reported. 
This is due to each program being highly individualized but still incorporating the basic 
principles of range of motion, sensorimotor facilitation, strength, and functional activity. 
Studies have provided sufficient evidence of increased range of motion, increased 
neovascularization, collagen alignment, scar tissue remodeling and a decrease in pain and 
disability. Ultrasonography has been found effective in diagnosis of ankle ligament 
injuries with high sensitivity and moderate specificity. However, ultrasonography is very 
operator dependent and has a lengthy learning process. The VAS pain scale is one of the 
most popular methods and is considered strong, clinically useful, reliable and valid in 
measure of pain intensity. Finally, the foot and ankle ability measures is unique in that it 


















Table C1. Parental Consent Form  
  
THE EFFECTS OF A RANDOMIZED FOUR-WEEK GRASTON INSTRUMENTED-
ASSISTED SOFT TISSUE MOBLIZATION DYNAMIC BALANCING-TRAINING 
PROGRAM ON INDIVIDUALS WITH CHRONIC ANKLE INSTABILITY.  
  
Co-Investigator(s); 
“Jessica L. Schaefer, BS, ATC” 
 
Contact Persons  
  
In the event your child experiences any side effects or injury related to his research, you 
should contact Jessica Lynn Schaefer, ATC at (812) 686-0973 or at 
jschaef3@mix.wvu.edu. If you have any question, concerns, or complaints about this 
research, you can contact Dr. Michelle A. Sandrey, PhD, ATC at (304) 293- 3295 Ext. 
5220 or at msandrey@mail.wvu.edu.    
 
For information regarding my rights as a research subject, I may contact the Executive 




You have been asked to allow your child to participate in this study, which has been 
explained to you and your child by Jessica Lynn Schaefer, BS, ATC. This study is being 
conducted by the Principle Investigator, Michelle A Sandrey, PhD, ATC and the Co-
Investigator, Jessica L. Schaefer, BS, ATC in the College of Physical Activity and Sport 
Sciences at West Virginia University. This research is being conducted to fulfill the 
requirements for a thesis in Athletic Training in the College of Physical Activity and 
Sport Sciences at West Virginia University under the supervision of Michelle A. Sandrey, 
PhD, ATC. 
 
Purpose of Study  
  
The purpose of this study aims to investigate the affects of Graston Instrumented-
Assisted Soft Tissue Mobilization (GISTM) technique and its influence on improving 
range of motion, neovascularization, collagen alignment, pain and disability in 
individuals experiencing chronic ankle instability following a four-week dynamic 






Description of Procedures  
 
Procedures 
This study will be conducted at University High School, 991 Price Street, Morgantown,  
WV 26505 or West Virginia University Athletic Training Research Lab, PO Box 6116, 
Morgantown, WV 26505.  All testing and training procedures will be done in the athletic 
training room and gymnasium so that subjects may hear and understand all directions in a 
quiet atmosphere that is free from any distractions.  
 
At an orientation meeting the purpose of this study will be explained to your child.  Your 
child will be given a demographic questionnaire (gender, height, past and current medical 
history) and have special tests done for inclusion/exclusion into the study. This will take 
approximately twenty minutes to complete. Your child does not have to answer all the 
questions. You will have the opportunity to see the questionnaire before singing this 
parental consent and Authorization to Use or Disclose Protected Health Information 
forms. All complete forms will be confidential.  If your child is an eligible subject, he/she 
child will be contacted by the primary researcher and will schedule a meeting time for 
approximately one hour for further testing using the Foot and Ankle Ability Measures 
(FAAM) and FAAM Sport, Visual Analog Scale (VAS), range of motion (ROM), 
Ultrasonography (US), and Star Excursion Balance Test (SEBT). Your child will then be 
instructed on the tests that he/she will be asked to perform. 
 
Your child will have a one in three chance of being randomly assigned to either one of 
the treatment/balancing-training groups or the control group.  Your child will then be 
asked for his/her full cooperation and to work to the best of their ability two times a week 
for forty-five minutes over a four-week period.  Your child will complete a final sixty-
minute post-testing session for the FAAM and FAAM Sport, VAS, ROM, US, and 
SEBT, which will conclude his/her participation. The post-test will be performed to the 
exact specifications as the pre-test, and will be completed within the week following the 
final treatment/balancing-training session of the fourth week. 
 
After your child’s level of functional ankle instability is determined by the demographic 
questionnaire. The special tests will be the final inclusion or exclusion criteria into the 
study. If your child has a grade III sprain determined by a board certified orthopedic 
surgeon he/she will be excluded from the study. 
 
Your child will be asked to answer the FAAM-26 item questionnaire with one response 
that will most clearly describe his/her condition within the past week. Upon completion, 
your child will answer the FAAM Sport 8-item questionnaire with one response that will 
most clearly describe his/her condition within the past week. 
 
Your child will then be asked to make a mark on the 10 cm line that will accurately 
describe his/her pain level at that instant. 
 
Ankle range of motion will be taken of your child. He/she will be instructed to sit, with 
their knee off the edge of the table for the first two measurements. The primary 
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researcher will instruct your child to move his/her ankle up and down as far as possible. 
Your child will then be asked to lay face down on the table with their ankle off the end of 
the table. He/she will be instructed to move their foot in and out as far as possible. 
Your child will next have ultrasonography performed on his/her ankle over the anterior 
talofibular ligament (ATF) and the calcaneofibular ligament (CF). Your child will be 
instructed to lie down on the table with his/her knee straight and ankle pointing down and 
in to image the ATF ligament. Next, your child will be instructed to move his/her ankle 
up and in to image the CF ligament. The images of your child’s ankle ligaments will be 
stored and saved under their identification number that will be randomly assigned to keep 
records confidential. 
 
Your child’s true leg length will be measured use a tape measure to normalize data. 
Instructions will be given to your child to stand in the middle of a grid formed by three 
lines extending out at 135° from each other. Your child will be asked to reach as far as 
possible along the three lines [anterior (A), posteromedial (PM), and posterolateral (PL)] 
lines, make a light touch on the line, and return the reaching leg back to the center, while 
maintaining a single-leg stance with the other leg in the center of the grid. 
 
Your child will be allowed to practice reaching in each of the three directions three times. 
Following a 5-min rest period, your child will perform three trials in each of the three 
directions. The reach distance will be recorded from the center of the grid to the point of 
maximum distance by the reach leg.  
 
Interventions 
Your child will perform a ten-minute dynamic Flex Band flexibility warm-up routine 
regardless of the experimental or control group he/she is randomly assigned. The 
dynamic warm-up will consist of ankle, calf, achilles, hamstring, groin, I-T Band, and 
concludes with quadriceps/hip flexor stretches on both legs. 
 
If your child is randomly assigned to the Graston Instrumented-Assisted Soft Tissue 
Mobilization (GISTM) experimental group or GISTM-Sham experimental group, he/she 
will first receive an eight to ten minute treatment. Your child will be instructed to lay face 
done with their feet over the edge of the table. An emollient will be rubbed onto his/her 
leg to prevent friction. The primary researcher will then take the tools and gently move 
up and down your child’s leg. After the bottom of the foot and calf have been worked 
with the tools, your child will be instructed to lie on the table face up. Again emollient 
will be rubbed onto your child’s leg. The primary researcher will again move up and 
down your child’s leg and foot. Finally, your child will be instructed to lay on his/her side 
with a pillow between their legs for support, again emollient will be applied to their leg. 
The primary researcher will now take the tools and work around your child’s ankle. After 
the GISTM treatment the tools will be cleaned with SaniCide, a hard surface disinfectant. 
Once your child’s treatment is completed or if your child is in the control experimental 




The dynamic balancing-training program is a four-week progressive program for those 
with chronic ankle instability. Your child will be shown a video that demonstrates the 
exercises in their entirety. He/she will perform single-limb hops to stabilization, hop to 
stabilization and reach, unanticipated hop to stabilization, and single-limb stance 
activities into a rehabilitation program.  
 
The first exercise will require your child to hop in four directions ten times. Each 
repetition will consist of a hop from the starting position to the target position at 18, 27, 
or 36 inches. After your child stabilizes his/her balance in a single-limb stance, he/she 
will hop in the exact opposite direction back to the starting position and stabilize in the 
single-limb stance.  
 
The second exercise will be a five-repetition hop to stabilization and reach exercise with 
a combination of the previously mentioned exercise. Your child will hop, stabilize, and 
reach back to the starting position, then hop back to the starting position and reach to the 
targeted position. 
 
The third exercise, will be an unanticipated hop to stabilization with your child standing 
in the middle of a nine-marker grid. A randomized, sequence of numbers will be 
displayed on a computer screen in front of your child. Each number will correspond to a 
hop target position. As the progression of numbers change, your child will hop to the new 
target position. Your child will do three repetitions. 
 
The fourth and final exercise is the single-limb stance. Your child will perform three 
repetitions of a single-limb stance. The exercise is made more difficult by the 
environment and conditions, such as eyes open, eyes closed, standing on foam, and 
throwing a ball.  
 
The four-week dynamic balancing-training program has several levels of difficulty. Your 
child will be progressed accordingly. At the end of the fourth week FADI and FADI 
Sport, VAS, ROM, US, and SEBT measurements will be taken again. Your child will 
now complete the study and will be released from this study. 
  
Risks and Discomforts  
  
I understand there are no known or expected risks for my child from participation in this 
study. I understand that my child will be exposed to a stress x-ray by a board certified 
orthopedist and ultrasonography by a board certified ultrasonographer in this study. I 
understand mild muscle soreness in my child’s injured lower extremity may occur with 
performing the GISTM treatment. The treatment will only occur every other day. 
Dynamic balancing-training program exercises will be the only known or expected 
discomforts with performing the GISTM and dynamic balancing-training program. I 
understand that my child will be doing dynamic stretching before treatment for the 
dynamic balancing-training program to reduce muscle soreness, but should be minimal at 
worst.  After completion of the dynamic balancing-training program ice will be applied to 
the injured extremity to also aid in prevention of muscle soreness. While performing any 
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testing, or exercise I understand that my child will not lose their balance because they 
will be performing the test with their eyes opened. However, I understand that my child 
will be instructed to touch down with the non-injured foot during single-limb balancing 
exercises if they feel they are losing their balance.  
 
I understand that every precaution has been taken to prevent my child from being injured 
in this study. If an adverse physical or psychological reaction were to occur during any 
point of the study, appropriate care or referral will be made available. Should any injury 
occur to my child, I understand that Jessica L. Schaefer, BS, ATC will provide first aid 




Your child does not have to participate in this study.  No negative actions will be taken 
against your child if they choose not to participate. At the present time there are no other 




Your child may not receive any direct benefit from this study. The knowledge gained 
from this study may eventually benefit others. 
  
Financial Considerations  
  
I understand that my child will not receive any monetary compensation for participation 




Any information about your child that is obtained as a result of participation in this 
research will be kept as confidential as legally possible. Your child’s research records and 
test results, just like hospital records, may be subpoenaed by court order or may be 
inspected by federal regulatory authorities without your additional consent. In addition, 
there are certain instances where the researcher is legally required to give information to 
the appropriate authorities. These would include mandatory reporting of infectious 
diseases, mandatory report of information about behavior that is imminently dangerous to 
your child such as suicide, child abuse, etc. In any publications that result form this 
research neither our child’s name nor any information form, which your child might be 
identified, will be published without your consent. 
  
Voluntary Participation  
  
Participation in this study is voluntary.  You or your child may refuse to participate in 
this study. You or your child may withdraw from this study at any time. Refusal to 
participate or withdraw will not affect your child’s future care, or your child’s class 
standing or grades, as appropriate and will involve no penalty to you or your child 
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position on the team. In the event new information becomes available that may affect 
your willingness to allow your child to participate in this study this information will be 
given to you so that you can make an informed decision about whether or not to continue 
your child’s participation. You have been given the opportunity to ask questions about 
the research, and have received answers concerning areas you did not understand. 
 
Upon signing this form I will receive a copy.  
  
I willingly consent to allow my child to participate in this research.  
  
_____________________________  ____________________________ ___________ 
Signature of Parent/Guardian              Printed Name      Date/Time  
 
The parent/guardian has had the opportunity to have questions addressed. The 
parent/guardian willingly agrees to allow his/her child to be in the study. 
  
_____________________________  ____________________________ ___________ 






























Table C2. Assent Form  
  
THE EFFECTS OF A RANDOMIZED FOUR-WEEK GRASTON INSTRUMENTED-
ASSISTED SOFT TISSUE MOBLIZATION DYNAMIC BALANCING-TRAINING 
PROGRAM ON INDIVIDUALS WITH CHRONIC ANKLE INSTABILITY.  
  
Co-Investigator(s); 
“Jessica L. Schaefer, BS, ATC” 
 
Contact Persons  
  
In the event you experience any side effects or injury related to his research, you should 
contact Jessica Lynn Schaefer, ATC at (812) 686-0973 or at jschaef3@mix.wvu.edu. If 
you have any question, concerns, or complaints about this research, you can contact Dr. 
Michelle A. Sandrey, PhD, ATC at (304) 293- 3295 Ext. 5220 or at 
msandrey@mail.wvu.edu.    
 
For information regarding my rights as a research subject, I may contact the Executive 




You have been asked to participate in this study, which has been explained to me by 
Jessica Lynn Schaefer, BS, ATC. This study is being conducted by the Principle 
Investigator, Michelle A Sandrey, PhD, ATC and the Co-Investigator, Jessica L. 
Schaefer, BS, ATC in the College of Physical Activity and Sport Sciences at West 
Virginia University. This research is being conducted to fulfill the requirements for a 
thesis in Athletic Training in the College of Physical Activity and Sport Sciences at West 
Virginia University under the supervision of Michelle A. Sandrey, PhD, ATC. 
 
Purpose of Study  
  
The purpose of this study aims to investigate the affects of Graston Instrumented-
Assisted Soft Tissue Mobilization (GISTM) technique and its influence on improving 
range of motion, neovascularization, collagen alignment, pain and disability in 
individuals experiencing functional ankle instability following a four-week dynamic 
balancing-training program.  
 
Description of Procedures  
 
Procedures 
This study will be conducted at University High School, 991 Price Street, Morgantown,  
WV 26505 or West Virginia University Athletic Training Research Lab, PO Box 6116, 
Morgantown, WV 26505.  All testing and training procedures will be done in the athletic 
training room and gymnasium so that subjects may hear and understand all directions in a 
quiet atmosphere that is free from any distractions.  
  109 
At an orientation meeting the purpose of this study will be explained to me.  I will be 
given a demographic questionnaire (gender, height, past and current medical history) and 
have special tests done for inclusion/exclusion into the study. This will take 
approximately twenty minutes to complete. I do not have to answer all the questions. I 
will have the opportunity to see the questionnaire before singing this assent and 
Authorization to Use or Disclose Protected Health Information forms. All complete forms 
will be confidential.  If I am an eligible subject, I will be contacted by the primary 
researcher and will schedule a meeting time for approximately one hour for further 
testing using the Foot and Ankle Ability Measures (FAAM) and FAAM Sport, Visual 
Analog Scale (VAS), range of motion (ROM), Ultrasonography (US), and Star Excursion 
Balance Test (SEBT). I will then be instructed on the tests that I will be asked to perform. 
 
I will have a one in three chance of being randomly assigned to either one of the 
treatment/balancing-training groups or the control group.  I will then be asked for my full 
cooperation and to work to the best of my ability two times a week for forty-five minutes 
over a four-week period.  I will complete a final sixty-minute post-testing session for the 
FAAMand FAAM Sport, VAS, ROM, US, and SEBT, which will conclude my 
participation. The post-test will be performed to the exact specifications as the pre-test, 
and will be completed within the week following the final treatment/balancing-training 
session of the fourth week. 
 
After my level of functional ankle instability is determined by the demographic 
questionnaire. The special tests will be the final inclusion or exclusion criteria into the 
study. If I have a grade III sprain determined by a board certified orthopedic surgeon I 
will be excluded from the study. 
 
I will be asked to answer the FAAM-26 item questionnaire with one response that will 
most clearly describe my condition within the past week. Upon completion, I will answer 
the FAAM Sport 8-item questionnaire with one response that will most clearly describe 
my condition within the past week. 
 
I will then be asked to make a mark on the 10 cm line that will accurately describe my 
pain level at that instant. 
 
My ankle range of motion will be taken. I will be instructed to sit, with my knee off the 
edge of the table for the first two measurements. The primary researcher will instruct me 
to move my ankle up and down as far as possible. I will then be asked to lay face down 
on the table with my ankle off the end of the table. I will be instructed to move my foot in 
and out as far as possible. 
 
I will next have ultrasonography performed on my ankle over the anterior talofibular 
ligament (ATF) and the calcaneofibular ligament (CF). I will be instructed to lie down on 
the table with my knee straight and ankle pointing down and in to image the ATF 
ligament. Next, I will be instructed to move my ankle up and in to image the CF 
ligament. The images of my ankle ligaments will be stored and saved under my 
identification number that will be randomly assigned to keep records confidential. 
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My true leg length will be measured to normalize data. Instructions will be given to me to 
stand in the middle of a grid formed by three lines extending out at 135° from each other. 
I will be asked to reach as far as possible along the three lines [anterior (A), 
posteromedial (PM), and posterolateral (PL)] lines, make a light touch on the line, and 
return the reaching leg back to the center, while maintaining a single-leg stance with the 
other leg in the center of the grid. 
 
I will be allowed to practice reaching in each of the three directions three times. 
Following a 5-min rest period, I will perform three trials in each of the three directions. 
The reach distance will be recorded from the center of the grid to point of maximum 
distance by my reach leg.  
 
Interventions 
I will perform a ten-minute dynamic Flex Band flexibility warm-up routine regardless of 
the experimental or control group I will be randomly assigned. The dynamic warm-up 
will consist of ankle, calf, achilles, hamstring, groin, I-T Band, and concludes with 
quadriceps/hip flexor stretches on both legs. 
 
If I am randomly assigned to the Graston Instrumented-Assisted Soft Tissue Mobilization 
(GISTM) experimental group or GISTM-Sham experimental group, I will first receive an 
eight to ten minute treatment. I will be instructed to lay face done with my feet over the 
edge of the table. An emollient will be rubbed onto my leg to prevent friction. The 
primary researcher will then take the tools and gently move up and down my leg. After 
the bottom of my foot and calf have been worked with the tools, I will be instructed to lie 
on the table face up. Again emollient will be rubbed onto my leg. The primary researcher 
will again move up and down my leg and foot. Finally, I will be instructed to lay on my 
side with a pillow between my legs for support, again emollient will be applied to my leg. 
The primary researcher will now take the tools and work around my ankle. After GISTM 
treatment the tools will be cleaned with SaniCide, a hard surface disinfectant. Once my 
treatment is completed or if I am in the control experimental group, the primary 
researcher will instruct me in the dynamic balancing-training program. 
 
The dynamic balancing-training program is a four-week progressive program for those 
with chronic ankle instability. I will be shown a video that demonstrates the exercises in 
their entirety. I will perform single-limb hops to stabilization, hop to stabilization and 
reach, unanticipated hop to stabilization, and single-limb stance. 
 
The first exercise will require me to hop in four directions ten times. Each repetition will 
consist of a hop from the starting position to the target position at 18, 27, or 36 inches. 
After I stabilize my balance in a single-limb stance, I will hop in the exact opposite 
direction back to the starting position and stabilize in the single-limb stance.  
 
The second exercise is a five-repetition hop to stabilization and reach exercise and will be 
a combination of the previously mentioned exercise. I will hop, stabilize, and reach back 
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to the starting position, then hop back to the starting position and reach to the targeted 
position. 
 
The third exercise will be an unanticipated hop to stabilization with me standing in the 
middle of a nine-marker grid. A randomized, sequence of numbers will be displayed on a 
computer screen in front of me. Each number will correspond to a hop target position. As 
the progression of numbers change, I will hop to the new target position. I will do three 
repetitions. 
 
The fourth and final exercise is the single-limb stance. I will perform three repetitions of 
a single-limb stance. The exercise will be made more difficult by the environment and 
conditions, such as eyes open, eyes closed, standing on foam, and throwing a ball.  
 
The four-week dynamic balancing-training program has several levels of difficulty. I will 
be progressed accordingly. At the end of the fourth week FADI and FADI Sport, VAS, 
ROM, US, and SEBT measurements will be taken again. I will now complete the study 
and will be released from this study. 
  
Risks and Discomforts  
  
I understand there are no known or expected risks for me from participation in this study. 
I understand that I will be exposed to a stress x-ray by a board certified orthopedist and 
ultrasonography by a board certified ultrasonographer in this study. I understand mild 
muscle soreness in my injured lower extremity may occur with performing the GISTM 
treatment. The treatment will only occur every other day. Dynamic balancing-training 
program exercises will be the only known or expected discomforts with performing the 
GISTM and dynamic balancing-training program. I understand that I will be doing 
dynamic stretching before treatment for the dynamic balancing-training program to 
reduce muscle soreness, but should be minimal at worst.  After completion of the 
dynamic balancing-training program ice will be applied to the injured extremity to also 
aid in prevention of muscle soreness. While performing any testing, or exercise I 
understand that I will not lose their balance because they will be performing the test with 
their eyes opened. However, I understand that I will be instructed to touch down with the 
non-injured foot during single-limb balancing exercises if I feel I’m losing my balance.  
 
I understand that every precaution has been taken to prevent me from being injured in 
this study. If an adverse physical or psychological reaction were to occur during any 
point of the study, appropriate care or referral will be made available. Should any injury 
occur to me, I understand that Jessica L. Schaefer, BS, ATC will provide first aid and 




I do not have to participate in this study.  No negative actions will be taken against me if I 





I may not receive any direct benefit from this study. The knowledge gained from this 
study may eventually benefit others. 
  
Financial Considerations  
  





Any information about me that is obtained as a result of participation in this research will 
be kept as confidential as legally possible. My research records and test results, just like 
hospital records, may be subpoenaed by court order or may be inspected by federal 
regulatory authorities without my additional consent. In addition, there are certain 
instances where the researcher is legally required to give information to the appropriate 
authorities. These would include mandatory reporting of infectious diseases, mandatory 
report of information about behavior that is imminently dangerous to me such as suicide, 
child abuse, etc. In any publications that result form this research neither my name nor 
any information, which I might be identified, will be published without my consent. 
  
Voluntary Participation  
  
Participation in this study is voluntary.  You may refuse to participate in this study. You 
may withdraw from this study at any time. Refusal to participate or withdraw will not 
affect your child’s future care, or your class standing or grades, as appropriate and will 
involve no penalty to you or your position on the team. In the event new information 
becomes available that may affect your willingness to participate in this study this 
information will be given to you so that you can make an informed decision about 
whether or not to continue participation. You have been given the opportunity to ask 
questions about the research, and have received answers concerning areas you did not 
understand. 
  
Upon signing this form I will receive a copy.  
  
I willingly consent to participate in this research.  
  
_____________________________  ____________________________ ___________ 
Signature of Subject                           Printed Name                       Date/Time  
 
The parent/guardian has had the opportunity to have questions addressed. The 
parent/guardian willingly agrees to allow his/her child to be in the study. 
  
_____________________________  ____________________________ ___________ 
Signature of Co-Investigator               Printed Name      Date/Time  
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Table C3. Consent Form  
  
THE EFFECTS OF A RANDOMIZED FOUR-WEEK GRASTON INSTRUMENTED-
ASSISTED SOFT TISSUE MOBLIZATION DYNAMIC BALANCING-TRAINING 
PROGRAM ON INDIVIDUALS WITH CHRONIC ANKLE INSTABILITY.  
  
Co-Investigator(s); 
“Jessica L. Schaefer, BS, ATC” 
 
Contact Persons  
  
In the event you experience any side effects or injury related to his research, you should 
contact Jessica Lynn Schaefer, ATC at (812) 686-0973 or at jschaef3@mix.wvu.edu. If 
you have any question, concerns, or complaints about this research, you can contact Dr. 
Michelle A. Sandrey, PhD, ATC at (304) 293- 3295 Ext. 5220 or at 
msandrey@mail.wvu.edu.    
 
For information regarding my rights as a research subject, I may contact the Executive 




You have been asked to participate in this study, which has been explained to me by 
Jessica Lynn Schaefer, BS, ATC. This study is being conducted by the Principle 
Investigator, Michelle A Sandrey, PhD, ATC and the Co-Investigator, Jessica L. 
Schaefer, BS, ATC in the College of Physical Activities and Sport Sciences at West 
Virginia University. This research is being conducted to fulfill the requirements for a 
thesis in Athletic Training in the College of Physical Activities and Sport Sciences at 
West Virginia University under the supervision of Michelle A. Sandrey, PhD, ATC. 
 
Purpose of Study  
  
The purpose of this study aims to investigate the affects of Graston Instrumented-
Assisted Soft Tissue Mobilization (GISTM) technique and its influence on improving 
range of motion, neovascularization, collagen alignment, pain and disability in 
individuals experiencing functional ankle instability following a four-week dynamic 
balancing-training program.  
 
Description of Procedures  
 
Procedures 
This study will be conducted at University High School, 991 Price Street, Morgantown,  
WV 26505 or West Virginia University Athletic Training Research Lab, PO Box 6116, 
Morgantown, WV 26505.  All testing and training procedures will be done in the athletic 
training room and gymnasium so that subjects may hear and understand all directions in a 
quiet atmosphere that is free from any distractions.  
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At an orientation meeting the purpose of this study will be explained to me.  I will be 
given a demographic questionnaire (gender, height, past and current medical history) and 
have special tests done for inclusion/exclusion into the study. This will take 
approximately twenty minutes to complete. I do not have to answer all the questions. I 
will have the opportunity to see the questionnaire before singing this assent and 
Authorization to Use or Disclose Protected Health Information forms. All complete forms 
will be confidential.  If I am an eligible subject, I will be contacted by the primary 
researcher and will schedule a meeting time for approximately one hour for further 
testing using the Foot and Ankle Ability Measures (FAAM) and FAAM Sport, Visual 
Analog Scale (VAS), range of motion (ROM), Ultrasonography (US), and Star Excursion 
Balance Test (SEBT). I will then be instructed on the tests that I will be asked to perform. 
 
I will have a one in three chance of being randomly assigned to either one of the 
treatment/balancing-training groups or the control group.  I will then be asked for my full 
cooperation and to work to the best of my ability two times a week for forty-five minutes 
over a four-week period.  I will complete a final sixty-minute post-testing session for the 
FAAM and FAAM Sport, VAS, ROM, US, and SEBT, which will conclude my 
participation. The post-test will be performed to the exact specifications as the pre-test, 
and will be completed within the week following the final treatment/balancing-training 
session of the fourth week. 
 
After my level of functional ankle instability is determined by the demographic 
questionnaire. The special tests will be the final inclusion or exclusion criteria into the 
study. If I have a grade III sprain determined by a board certified orthopedic surgeon I 
will be excluded from the study. 
 
I will be asked to answer the FAAM-26 item questionnaire with one response that will 
most clearly describe my condition within the past week. Upon completion, I will answer 
the FAAM Sport 8-item questionnaire with one response that will most clearly describe 
my condition within the past week. 
 
I will then be asked to make a mark on the 10 cm line that will accurately describe my 
pain level at that instant. 
 
My ankle range of motion will be taken. I will be instructed to sit, with my knee off the 
edge of the table for the first two measurements. The primary researcher will instruct me 
to move my ankle up and down as far as possible. I will then be asked to lay face down 
on the table with my ankle off the end of the table. I will be instructed to move my foot in 
and out as far as possible. 
 
I will next have ultrasonography performed on my ankle over the anterior talofibular 
ligament (ATF) and the calcaneofibular ligament (CF). I will be instructed to lie down on 
the table with my knee straight and ankle pointing down and in to image the ATF 
ligament. Next, I will be instructed to move my ankle up and in to image the CF 
ligament. The images of my ankle ligaments will be stored and saved under my 
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identification number that will be randomly assigned to keep records confidential. 
 
My true leg length will be measured to normalize data. Instructions will be given to me to 
stand in the middle of a grid formed by three lines extending out at 135° from each other. 
I will be asked to reach as far as possible along the three lines [anterior (A), 
posteromedial (PM), and posterolateral (PL)] lines, make a light touch on the line, and 
return the reaching leg back to the center, while maintaining a single-leg stance with the 
other leg in the center of the grid. 
 
I will be allowed to practice reaching in each of the three directions three times. 
Following a 5-min rest period, I will perform three trials in each of the three directions. 
The reach distance will be recorded from the center of the grid to point of maximum 
distance by my reach leg.  
 
Interventions 
I will perform a ten-minute dynamic Flex Band flexibility warm-up routine regardless of 
the experimental or control group I will be randomly assigned. The dynamic warm-up 
will consist of ankle, calf, achilles, hamstring, groin, I-T Band, and concludes with 
quadriceps/hip flexor stretches on both legs. 
 
If I am randomly assigned to the Graston Instrumented-Assisted Soft Tissue Mobilization 
(GISTM) experimental group or GISTM-Sham experimental group, I will first receive an 
eight to ten minute treatment. I will be instructed to lay face done with my feet over the 
edge of the table. An emollient will be rubbed onto my leg to prevent friction. The 
primary researcher will then take the tools and gently move up and down my leg. After 
the bottom of my foot and calf have been worked with the tools, I will be instructed to lie 
on the table face up. Again emollient will be rubbed onto my leg. The primary researcher 
will again move up and down my leg and foot. Finally, I will be instructed to lay on my 
side with a pillow between my legs for support, again emollient will be applied to my leg. 
After the GISTM treatment the tools will be cleaned with SaniCide, a hard surface 
disinfectant. The primary researcher will now take the tools and work around my ankle. 
Once my treatment is completed or if I am in the control experimental group, the primary 
researcher will instruct me in the dynamic balancing-training program. 
 
The dynamic balancing-training program is a four-week progressive program for those 
with chronic ankle instability. I will be shown a video that demonstrates the exercises in 
their entirety. I will perform single-limb hops to stabilization, hop to stabilization and 
reach, unanticipated hop to stabilization, and single-limb stance. 
 
The first exercise will require me to hop in four directions ten times. Each repetition will 
consist of a hop from the starting position to the target position at 18, 27, or 36 inches. 
After I stabilize my balance in a single-limb stance, I will hop in the exact opposite 
direction back to the starting position and stabilize in the single-limb stance.  
 
The second exercise is a five-repetition hop to stabilization and reach exercise and will be 
a combination of the previously mentioned exercise. I will hop, stabilize, and reach back 
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to the starting position, then hop back to the starting position and reach to the targeted 
position. 
 
The third exercise, will be an unanticipated hop to stabilization with me standing in the 
middle of a nine-marker grid. A randomized, sequence of numbers will be displayed on a 
computer screen in front of me. Each number will correspond to a hop target position. As 
the progression of numbers change, I will hop to the new target position. I will do three 
repetitions. 
 
The fourth and final exercise is the single-limb stance. I will perform three repetitions of 
a single-limb stance. The exercise will be made more difficult by the environment and 
conditions, such as eyes open, eyes closed, standing on foam, and throwing a ball.  
 
The four-week dynamic balancing-training program has several levels of difficulty. I will 
be progressed accordingly. At the end of the fourth week FADI and FADI Sport, VAS, 
ROM, US, and SEBT measurements will be taken again. I will now complete the study 
and will be released from this study. 
  
Risks and Discomforts  
  
I understand there are no known or expected risks for me from participation in this study. 
I understand that I will be exposed to a stress x-ray by a board certified orthopedist and 
ultrasonography by a board certified ultrasonographer in this study. I understand mild 
muscle soreness in my injured lower extremity may occur with performing the GISTM 
treatment. The treatment will only occur every other day. Dynamic balancing-training 
program exercises will be the only known or expected discomforts with performing the 
GISTM and dynamic balancing-training program. I understand that I will be doing 
dynamic stretching before treatment for the dynamic balancing-training program to 
reduce muscle soreness, but should be minimal at worst.  After completion of the 
dynamic balancing-training program ice will be applied to the injured extremity to also 
aid in prevention of muscle soreness. While performing any testing, or exercise I 
understand that I will not lose their balance because they will be performing the test with 
their eyes opened. However, I understand that I will be instructed to touch down with the 
non-injured foot during single-limb balancing exercises if I feel I’m losing my balance.  
 
I understand that every precaution has been taken to prevent me from being injured in 
this study. If an adverse physical or psychological reaction were to occur during any 
point of the study, appropriate care or referral will be made available. Should any injury 
occur to me, I understand that Jessica L. Schaefer, BS, ATC will provide first aid and 




I do not have to participate in this study.  No negative actions will be taken against me if I 





I may not receive any direct benefit from this study. The knowledge gained from this 
study may eventually benefit others. 
  
Financial Considerations  
  





Any information about me that is obtained as a result of participation in this research will 
be kept as confidential as legally possible. My research records and test results, just like 
hospital records, may be subpoenaed by court order or may be inspected by federal 
regulatory authorities without your additional consent. In addition, there are certain 
instances where the researcher is legally required to give information to the appropriate 
authorities. These would include mandatory reporting of infectious diseases, mandatory 
report of information about behavior that is imminently dangerous to me such as suicide, 
child abuse, etc. In any publications that result form this research neither my name nor 
any information form, which I might be identified, will be published without my consent. 
  
Voluntary Participation  
  
Participation in this study is voluntary.  I may refuse to participate in this study. I may 
withdraw from this study at any time. Refusal to participate or withdraw will not affect 
my future care, or my class standing or grades, as appropriate and will involve no penalty 
to me or my position on the team. In the event new information becomes available that 
may affect your willingness to allow me to participate in this study this information will 
be given to me so that you can make an informed decision about whether or not to 
continue my participation. I have been given the opportunity to ask questions about the 
research, and have received answers concerning areas you did not understand. 
  
 
Upon signing this form I will receive a copy.  
  
I willingly consent to participate in this research.  
  
_____________________________  ____________________________ ___________ 
Signature of Subject                            Printed Name      Date/Time  
 
 
_____________________________  ____________________________ ___________ 




Table C4.  Authorization to Use or Disclose Protected Health Information 
   
Authorization to Use or Disclose Protected Health Information 
(PHI) 
 
West Virginia University 
  
I hereby voluntarily authorize the use or disclosure of my individually identifiable health 
information as described below.  
  
Patient Name: __________________________ ID Number: _________________  
Date of Birth: __________________________ IRB Protocol #: ________________  
  
Persons/organizations providing the protected health information (e.g. hospitals):  
Individual subjects affiliated with University High School, West Virginia University, 
local Morgantown and WVU physicians. 
  
Persons/organizations receiving the information (e.g. investigators, clinical coordinators, 
sponsor, FDA):  
Jessica Lynn Schaefer ATC  
Michelle A. Sandrey, PhD, ATC  
  
The following information well be used:  
A self-report injury history questionnaire (lower extremity injuries within the past three 
months, surgery to the lower extremity, fractures or breaks to the lower extremity).  
The information is being disclosed for the following purposes (Start with the Title of the 
study and include additional information (e.g. screening and recruiting subjects; 
analyzing research data, or other specified purposes):  
The effects of a randomized four-week Graston Instrumented-Assisted Soft Tissue 
Mobilization and dynamic balancing-training program on individuals with functional 
ankle instability. Information will be used to screen subjects for inclusion and exclusion 
criteria of the study.  
  
I may revoke this authorization at any time notifying the Co-Investigator in writing at:  
Jessica Lynn Schaefer ATC  
School of Physical Education  
P.O. Box 6116  
Morgantown, WV 26505  
 
If I do revoke my authorization, any information previously disclosed cannot be 
withdrawn.  Once information about me is disclosed in accordance with this 
authorization, the recipient may redisclose it and the information may no longer be 




I may refuse to sign this authorization form.  My clinical treatment may not be affected 
by whether or not I sign this form.  I may not be allowed to participate in the research if I 
do not sign the form.  
  
This authorization will expire on the date that the research study ends.  (Other options for 
expiration include an actual date of expiration, occurrence of a particular event, or “none” 
if the authorization will have no expiration date.)  
  
Expiration date: _____________ 
  
I will be given a copy of this authorization form.  
  
  
 __________________________________________________  _____________ 
 Signature of subject or subject’s legal representative       Date  




 Printed name of subject’s legal representative   
 
Relationship to the subject (Initial beside):  
_____  Parent  
_____  Medical power of attorney/representative  
_____  Legal guardian  






















Table C5. Demographics 10,53 
 
Instructions 
This form will be used to categorize your ankle instability. A separate form should be used for the right and left ankles. Please fill out 
the form completely. If you have any question, please ask the administrator of the survey. Thank you for your participation. 
 
Male / Female 
Height:___________________   
 
Ankle (circle): Right or Left 
 
1. Have you ever sprained an ankle?           Y N 
     If yes, did the initial episode involve your ankle ‘‘rolling inward’’?        Y N 
     If no, do not continue to fill out this questionnaire.  
 
2. Have you ever seen a doctor for an ankle sprain?       Y N 
 If yes, How did the doctor categorize your most serious ankle sprain? 
 Mild (grade 1)  Moderate (grade II)  Severe (grade III) 
 
3. Did you ever use a devise (such as crutches) because you could not bear weight due to an 
   ankle sprain?          Y N 
 If yes, In the most serious case, how long did you need to use the device?  
 1-3 days  4-7 days  1-2 weeks  2-3 weeks  >3weeks 
 
4. Did the injury to your ankle require immobilization of any form (cast, braces, tape, etc)?     Y N  
 
5. Have you been walking around unassisted without a ‘‘limp,’’ for at least the past 3 months?     Y N  
 
6. Have you had any fractures (breaks) in either of your ankles?        Y N  
 
7. Have you had any surgeries in either of your lower extremities?       Y N 
 
8. Is the injured/unstable ankle functionally weaker, more painful, ‘‘looser,’’ and less functional than your  
    uninvolved ankle?                    Y N  
 
9. Have you ever experienced a sensation of your ankle “giving way”?     Y N 
 If yes, When was the last time your ankle “gave way”? 
 <3 weeks  3-6 weeks   1-3 months 4-7 months >1 year 
 
10. Does your ankle ever feel unstable while walking on a flat surface?     Y N 
 
11. Does your ankle ever feel unstable while walking on uneven ground?     Y N 
 
12. Does your ankle ever feel unstable during recreational or sport activity?   Y N N/A 
 
13. Does your ankle ever feel unstable while going up stairs?      Y N 
 
14. Do you attribute your current instability to past injuries to the affected ankle?      Y N  
 
15. Are you currently involved in a ‘‘formal’’ rehabilitation program for the affected ankle?     Y N  





Printed Name ____________________________________________ Date ____________ 
 
 





Administrator Use ONLY 
 
Participant ID # __________________ 
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Table C7. Visual Analog Scale (VAS)  
 
1. Subjects’ identification number was placed in the top right corner. 
 
2. Subject marked pain level at that instant on the 10cm line. 
 
3. The primary researcher measured the mark going from left to right in millimeters 
(mm). 
 







Visual Analog Scale (VAS) 
 
How severe is your pain today? Place a vertical mark on the line below to indicate how 
bad you feel your pain is today. 
 
 

























Table C8. Range of Motion: Goniometry  
1. Ankle range of motion was measured in degrees using a goniometer. 
 
2. Subjects’ were instructed to sit, with the knee flexed off the end of a treatment table.  
 
3. The subject was asked to plantarflex the ankle as far as possible. The goniometer was 
placed 1) with the stationary arm along the midline of the fibula, fibula head to lateral 
malleolus; and 2) the movable arm along the midline of the fifth metatarsal. 
 
4. The subject was asked to dorsiflex the ankle as far as possible. The goniometer was 
placed 1) with the stationary arm along the midline of the fibula, fibular head to 
lateral malleolus; and 2) the movable arm along the midline of the fifth metatarsal.  
 
5. Subjects were instructed to lay prone. 
 
6. Primary researcher then stabilized the tibia in the sagittal plane.  
 
7. Subjects were instructed to invert the calcaneus as far possible. The goniometer was 
placed 1) with the stationary arm in alignment with the midline of the leg; and 2) the 
movable arm aligned with the midline of the calcaneus. 
 
8. Subjects were instructed to evert the calcaneus as far as possible. The goniometer was 
placed 1) with the stationary arm in alignment with the midline of the leg; and 2) the 
























Table C9. Ultrasonography  
 
1. Subjects’ identification number was entered into the computer for subject’s folder of 
images. 
 
2. Subjects were instructed to lie in the supine position, knee straight, with the ankle 
plantarflexed and inverted on the treatment table.  
 
3. The probe was placed in a slightly oblique position from the malleolus toward the 
forefoot to identify the ATF ligament. 
 
4. The image of the ATF ligament was stilled and saved in the subjects’ folder. 
 
5. The color doppler/power doppler was turned on and an image were stilled and saved 
in the subjects’ folder. 
 
6. Subjects were instructed to lie in the supine position, knee straight, with ankle 
dorsiflexed and inverted on the treatment table. 
 
7. The probe was placed in a slightly posterior oblique direction toward the calcaneus to 
identify the CF ligament.  
 
8. The image of the CF ligament was stilled and saved in his/her subject folder. 
 
9. The color doppler/power doppler was turned on and then an image was stilled and 






















Table C10. Star Excursion Balance Test  
 
Figure C1. Star Excursion Balance Test (SEBT) 
 
 
1. Subjects’ leg length was measured in centimeters and recorded to normalize distances 
to his/her height.  
 
2. Warm-up session of five minutes on a stationary bicycle at 120 revolutions per 
minute.    
 
3. The subjects took a five-minute break after the practice trials.   
 
4. Subjects selected an index card to randomly determine in which direction they 
started.  
 
5. Subjects were instructed to stand in the center of the star grid and maintain a single-
leg stance while reaching with the opposite leg to touch as far as possible along the 
randomly chosen reach direction.  
 
6. Subjects were instructed to touch the farthest point possible as light as possible along 
a chosen reach direction with the most distal part of their reach foot.  
 
7. Subjects whose reaching leg was the right went around the star grid in a 
counterclockwise fashion while subjects whose reaching leg was the left went around 
the star grid in a clockwise fashion.  
 
8. Subjects were instructed to perform three practice trials in each of the three directions 
with a 15-second rest between each excursion.  
 
9. After a five-minute rest following the last practice trial, testing began.  
 
10. Three trials were performed in each of the three excursions (anterior, posteromedial, 








































11. Trials were discarded and repeated if the reach foot was used to provide considerable 
support when touching the ground, if the subjects’ stance foot was lifted from the 
center of the star grid, or if the subjects were not able to maintain their balance at any 
point in the trial.  
 
12. The average excursions for each reach direction will be calculated and recorded.  
 
13. The average excursions for the three-reach direction was divided by leg length and 
multiplied by 100 to determine each subject’s dynamic balance score in each of the 





































Figure C2. Dynamic Flex Band Flexibility Warm-Up Routine82 
 
Dynamic Flex Band Flexibility Ankle Warm-up 
  
1. Ankles (Inversion/Eversion) 
a. Sit on the floor, position the band around the back at the belt-line. 
b. Wrap the end of the band around the arch of the foot, forming a loop. 
c. Hold onto the inner side of the band with both hands, turn the ankle in and 
out as far as it will go 10 times. 
d. Then grasp the outer side of the band and turn the ankle out and then in 10 
times. 
Dynamic Flex Band Gastrocnemius Warm-up 
 
2. Gastrocnemius Stretch 
a. Reach down with both hands and adjust the loops so that it is around the 
ball of the foot. 
b. With one hand on each side of the band below the knee, stretch the 
gastrocnemius by pulling toward the body with the band (dorsiflexion). 
c. Then, point the toes away from the body (plantarflexion).  










Dynamic Flex Band Achilles Warm-up 
 
 
3. Achilles Stretch 
a. With the band still positioned around the ball of the foot, plant the heel on 
the floor close to the body. 
b. Stretch out the Achilles by pulling the band toward the body. 
c. Hold the band against the knee for added resistance and press the toes 
toward the floor. 
d. Repeat 10 times. 
4. At this point, grasp the “loop” in both hands and transfer it to the other foot. 
Repeat the Inversion/Eversion, Gastronemius and Achilles Stretches for the other 
ankle before proceeding. 
5. After completing the Ankle Work for both legs, remove band from around the 
waist. 
 
Dynamic Flex Band Hamstring Warm-up 
 
 
6. Hamstring Stretch 
a. Re-wrap the band around the arch of the foot.  
b. Lie back on the floor and stretch the hamstring as far as it will go by 
“walking” the hands up the band. 
c. As the leg returns to the floor, let the hands slide down the band while 
providing resistance 
d. Repeat 5 times. 
e. Then “walk” up the band to the top and lock out the knee. 
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f. Hold that position for 5 seconds. 
g. Next, give a slight bend to the knee and lock it out again, keeping pressure 
on the Golgi tendons behind the knee. 
h. Bend and lock out 5 times. 
i. Then, stretch back and hold again for 5 seconds. 
 
Dynamic Flex Band Groin Warm-up 
 
 
7. Groin Stretch 
a. With the loop of the band still around the arch of the foot, grab the end of 
the band in the opposite hand.  
b. With the other hand, grab the middle of the band and take the band behind 
the head, positioning the elbow on the floor and the leg out to the side as 
far as it will go. 
c. Bend the knee slightly and then lock it out. 
d. Repeat 10 times. 
 
Dynamic Flex Band IT-Band Warm-up 
 
 
8. I-T Band Stretch 
a. With the band still positioned around the arch of the foot, grab the end of 
the band with the same hand.  
b. With the opposite hand, grab the middle of the band and take the band 
behind the head.  
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c. Set the elbow down on the floor and read the leg across the body, keeping 
both shoulders on the ground. 
d. Lock the knee and hold for 5 seconds. 
e. Next, bend the knee slightly and straighten 10 times. 
f. Add more pressure by pulling on the band and hold for 5 seconds. 
 
Dynamic Flex Band Quadriceps/Hip Flexor Warm-up 
 
 
9. Quadriceps & Hip Flexor Stretch 
a. With the band still positioned around the arch of the foot, roll onto the 
opposite side with the knees bent.  
b. Holding the top of the band above the head with both hands, move the leg 
around to stretch out the hip area. 
c. Move the leg in any direction for about 15-30 seconds. 
10.  Now, sit up and transfer the band to the other foot. Repeat the Hamstring, Groin, 




















Figure C3. Dynamic Balance-Training Program 35 
Hop to Stabilization     Hop to Stabilization 
  
1. Single-limb Hops to Stabilization (10 Repetitions) 
a. The subjects performed ten hops in each of the four directions, 
anterior/posterior, medial/lateral, anterolateral/posteromedial, and 
anteromedial/posterolateral.  
b. Each repetition consisted of a hop from the starting position to the target 
position (18, 27, or 36 inches).  
c. After stabilizing balance in a single-limb stance, subjects hopped in the 
exact opposite direction back to the starting position and stabilized in the 
single-limb stance.  
2. Hop to Stabilization and Reach (5 repetitions) 
a. A combination of the previously mentioned exercise.  
b. However, after stabilization in the single-limb stance, the subject reached 
back to the starting position.  
c. Repetitions were counted in the same manner. Subjects hopped, stabilized, 
and reached back to the starting position.  
d. Then hop back to the starting position and reach to the targeted position. 
 
7 progression levels for Hop to Stabilization and Hop to Stabilization and Reach:  
1. 18-inch hop; were allowed to use arms to aid in stabilizing balance after 
landing 
2. 18-inch hop was with hands on hips while stabilizing balance after landing  
3. 27-inch hop; were allowed to use arms to aid in stabilizing balance after 
landing 
4. 27-inch hop was with hands on hips while stabilizing balance after landing 
5. 36-inch hop; were allowed to use hands to aid in stabilizing balance after 
landing 
6. 36-inch hop was with hands on hips while stabilizing balance after landing 
7. 36-inch hop was from a 6-inch platform. 
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All directions for Hop to Stabilization and Hop to
Stabilization and Rea h had sev n levels of difficulty to
progress:
1. 18-inch hop. Allowed to use arms to aid in stabilizing
balance after landing.
2. 18-inch hop with hands on hips while stabilizing
balance after landing.
3. 27-inch hop. Allowed to use arms to aid in stabilizing
bal nce after lan ing.
4. 27-inch hop with hands on hips while stabilizing
balance after landing.
5. 36-inch hop. Allowed to use arms to aid in stabilizing
balance after landing.
6. 36-inch hop with hands on hips while stabilizing
balance after landing.
7. 36-inch hop from a 6-inch platform.
Unanticipated Hop to Stabilization
Participants stood in the middle of a nine-marker grid
(see Figure 2). A sequence of numbers was displayed on a
computer screen in front of the participants. Each number
corresponded to a target position to which they would hop.
As the progression of numbers changed, participants would
hop to the new target position. The hop to stabilization rules
were applied for this activity; however, in this case,
participants were allowed to use any combination of hops
(AP, ML, AM/PL, or AL/PM) they desired to accomplish
the goal of getting through the sequence error-free. As a
participant developed proficiency, the amount of time per
move was reduced. In each session, participants performed
three sequences of numbers.
Levels of unanticipated hop to stabilization
Level 1: 5 s per move.
Level 2: 3 s per move.
Level 3: 1 s per move.
Level 4: If subject can progress to completion of all
moves within 1 s without error, a foam pad will be placed
on one of the numbers during the sequence. The subject will
then continue the progression at the same level of intensity.
If he or she cannot complete the course error-free, the time
constraint will be reduced to the level below.
Level 5: If subject can progr ss to completion of all
moves at Level 3 with the foam pad error-free, a step will
be added to an additional number.
Level 6: If a subject progresses error-free, an additional
foam pad will be added to one of the numbers, resulting in
two foam pads and one step.
Level 7: If a subject progresses error-free, an additional
step will be included, resulting in two foam pads and two
steps.
Errors were determined on the basis of the following:
a. Touching down with opposite limb
b. Excessive trunk motion (930- lateral flexion)
c. Removal of hands from hips during ha ds on hips
activities
d. Bracing the nonstance limb against the stance limb
e. Missing the target
Each sequence of numbers was random such as 9, 7, 1, 6,
4, 5, 3, 8, 2.
FIGURE 1—Directions and distances (in inches) for hop to stabilization activities.
FIGURE 2—Nine marker grid for unanticipated hop to stabilization.














3. Unanticipated Hop to Stabilization (3 sequences of numbers) 
a. Subjects stood in the middle of a nine-marker grid (see Figure C11).  
b. A randomized, sequence of numbers was displayed on a computer screen 
in front of the subjects.  
c. Each number corresponded to a target position to which the subject 
hopped. 
d. As the progression of numbers changed, subjects hopped to the new target 
position.  
e. The hop to stabilization rules applied for this activity; however, in this 
case, subjects were allowed to use any combination of hops (AP, ML, 
AM/PL, or AL/PM) desired to accomplish the goal of getting through the 
sequence error-free.  
f. As a subject develops proficiency, the amount of time per move was 
reduced.  
g. In each session, subjects performed three sequences of numbers. 
  
The levels of Unanticipated Hop to Stabilization will be as follows:  
1. Level 1; five seconds per move 
2. Level 2; three seconds per move 
3. Level 3; one second per move 
4. Level 4; if subject can progress to completion of all moves within one 
second without error, a foam pad was placed on one of the numbers during 
the sequence. The subject then continued the progression at the same level 
of intensity. If the subject cannot complete the course error-free, the time 
constraint was increased to the level below 
5. Level 5; if subject can progress to completion of all moves at level 3 
within the foam pad error-free, a step was added to an additional number 
6. Level 6; if a subject progresses error-free, an additional foam pad was 
added to one of the numbers, resulting in two foam pads and one step 
7. Level 7; if a subject progresses error-free, an additional step was included, 
resulting in two foam pads and two steps. 
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All directions for Hop to Stabilization and Hop to
Stabilization and Reach had seven levels of difficulty to
progress:
1. 18-inch hop. Allowed to use arms to aid in stabilizing
balance after landing.
2. 18-inch hop with hands on hips while stabilizing
balance after landing.
3. 27-inch hop. Allowed to use arms to aid in stabilizing
balance after landing.
4. 27-inch hop with hands on hips while stabilizing
balance after landing.
5. 36-inch hop. Allowed to use arms to aid in stabilizing
balance after landing.
6. 36-inch hop with hands on hips while stabilizing
balance after landing.
7. 36-inch hop from a 6-inch platform.
Unanticipated Hop to Stabilization
Participants stood in the middle of a nine-marker grid
(see Figure 2). A sequence of numbers was displayed on a
computer screen in front of the participants. Each number
corresponded to a target position to which they would hop.
As the progression of numbers changed, participants would
hop to the new target position. The hop to stabilization rules
were applied for this activity; however, in this case,
participants were allowed to use any combination of hops
(AP, ML, AM/PL, or AL/PM) they desired to accomplish
the goal of getting through the sequence error-free. As a
participant developed proficiency, the amount of time per
move was reduced. In each session, participants performed
three sequences of numbers.
Levels of unanticipated hop to stabilization
Level 1: 5 s per move.
Level 2: 3 s per move.
Level 3: 1 s per move.
Level 4: If subject can progress to completion of all
moves within 1 s without error, a foam pad will be placed
on one of the numbers during the sequence. The subject will
then continue the progression at the same level of intensity.
If he or she cannot complete the course error-free, the time
constraint will be reduced to the level below.
Level 5: If subject can progress to completion of all
moves at Level 3 with the foam pad error-free, a step will
be added to an additional number.
Level 6: If a subject progresses error-free, an additional
foam pad will be added to one of the numbers, resulting in
two foam pads and one step.
Level 7: If a subject progresses error-free, an additional
step will be included, resulting in two foam pads and two
steps.
Errors were determined on the basis of the following:
a. Touching down with opposite limb
b. Excessive trunk motion (930- lateral flexion)
c. Removal of hands from hips during hands on hips
activities
d. Bracing the nonstance limb against the stance limb
e. Missing the target
Each sequence of numbers was random such as 9, 7, 1, 6,
4, 5, 3, 8, 2.
FIGURE 1—Directions and distances (in inches) for hop to stabilization activities.
FIGURE 2—Nine marker grid for unanticipated hop to stabilization.












Single-limb Stance (3 repetitions)  
a. Each activity (eyes open and eyes closed) had seven levels of difficulty 
and is as follows: 
b.  Single-limb stance with eyes opened:  
i. Arms were across chest on hard floor for 60 seconds 
ii. Arms were across chest for 30 seconds on foam pad 
iii. Arms were across chest for 60 seconds on foam pad 
iv. Arms were across chest for 90 seconds on foam pad.  
h. With ball toss on foam pad: 
i. 30 seconds with arms across chest; 20 throws with 6-lb medicine 
ball 
ii. 60 seconds with arms across chest; 20 throws with 6-lb medicine 
ball 
iii. 90 seconds with arms across chest; 20 throws with 6-lb medicine 
ball. 
i. Single-limb stance with eyes closed: 
i. Arms were out on hard floor for 30 seconds 
ii. Arms were across chest on hard floor for 30 seconds 
iii. Arms were across chest on hard floor for 60 seconds 
iv. Arms were out on foam pad for 30 seconds 
v. Arms were across chest for 30 seconds on foam pad 
vi. Arms were across chest for 60 seconds on foam pad 

























Table C13. Graston Instrumented-Assisted Soft Tissue Mobilization Technique  
 
1. Subjects were instructed to lie prone with his/her foot over the end of the treatment 
table. 
 
2. Primary researcher was standing. 
 
3. The primary researcher used the GT-4 and GT-5 tool with a two-hand hold sweeping 
the plantar fascia and heel pad with GT-4. The gastrocnemius-soleus complex was 
swept and fanned starting proximal to the achilles tendon insertion up to the popliteal 
fossa using GT-5. Assessing in a neutral position and in dorsiflexion varies the 
tension of the tissue as it affects the instrument’s depth of penetration. 
 
4. The primary researcher used the GT-3 tool with a pencil grip localizing any 
restrictions within the gastrocnemius-soleus complex, achilles tendon, and plantar 
fascia. 
 
5. The primary researcher used the GT-2 or GT-3 tool with a two-hand hold placing 
additional pressure over the knob of GT-2. The soft tissue lying in the groove 
between the achilles tendon and the fibula was mobilized laterally and medially 
between the tendon and the tibia. 
 
6. The primary researcher used the GT-2 or GT-3 tool with a one-hand hold. The knob 
of GT-2 was used to mobilize the plantar fascial strips from the calcaneus to the 
metatarsal head and back. The fascia tension was varied by flexing and extending the 
toes. 
 
7. The primary researcher used the GT-2 tool with a one-hand hold. The curve of the 
tool was used to work between the toes. 
 
8. Subjects were instructed to lie supine with his/her foot over the end of the treatment 
table. 
 
9. Primary researcher was standing. 
 
10. The primary researcher used GT-5 tool with a two-hand hold scanning the dorsum of 
the foot by moving proximal to the anterior tibialis.  
 
11. The primary researcher used GT-4 tool, with a two-hand hold, sweeping the dorsum 
of the foot and anterior tibialis to isolate restrictions. The stroke pattern was reversed 
for better isolation. 
 
12. The primary researcher depending on size and area used the GT-2 or GT-3 tool with a 
two-hand hold working around the medial and lateral malleolus. One hand stabilized 
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the tool, while the other hand distributed pressure through the knob or curve of GT-2 
as needed. 
 
13. The primary researcher used GT-2 or GT-3 tool with a two-hand hold working 
around the first metatarsal head. One hand stabilized while the other hand mobilized 
the tool, distributing pressure through the curve of GT-2. Pressure was placed over 
the knob while scooping between the extensor tendons. 
 
14. The primary researcher used GT-2 or GT-3 tool with a one-hand hold using the GT-2 
knob to mobilize the soft tissue around the talocrural joint and distal tibiofibular joint. 
Ankle dorsiflexion/plantarflexion, inversion/eversion and 1st toe flexion/extension 
was altered with the other hand. This allowed a different depth of instrument 
penetration. 
 
15. The primary researcher used GT-2 or GT-3 tool with a two-hand hold sweeping up 
and down the medial and lateral aspect of the tibia using the knob of GT-2 so as to 
release fascial compartments attached to this bone. Focus was to isolate restrictions. 
Initially GT-4 was used for a more general assessment. 
 
16. Subject was instructed to move to a side lying position with a pillow to support the 
limb. 
 
17. The primary researcher was sitting on a stool at the side of subject. 
 
18. The primary researcher based on size and area used GT-3, GT-4 or GT-2 tool with a 



























Table D1. Descriptive Statistics on Means and Standard Deviations for All Dependent Variables. 
Dependent 
Variable 
Control/DBT Group GISTM-S/DBT Group GISTM/DBT Group 
 Pre-Test Post-Test Pre-Test Post-Test Pre-Test Post-Test 
FAAM 75.909+7.395 84.000+0.000 75.333+7.353 84.000+0.000 76.231+6.496 84.000+0.000 
FAAM 
Sport 
30.364+11.201 32.000+0.000 24.500+6.215 32.00+0.000 24.417+4.259 32.000+0.000 
VAS 1.936+1.854 1.854+0.000 1.950+1.544 1.544+0.432 1.631+1.291 1.291+0.161 
ROM       
  DF 13.273+2.040 16.091+3.707 14.000+3.820 16.167+3.525 15.269+2.643 19.269+2.279 
  PF 28.364+8.654 29.636+10.642 25.688+8.541 30.125+9.518 26.462+7.487 33.432+8.585 
  INV 14.000+1.414 14.546+0.757 14.042+0.916 14.500+1.128 11.077+5.086 14.981+0.069 
  EV 3.136+1.164 4.364+0.977 3.250+1.177 4.708+0.620 3.808+1.182 5.000+0.000 
SEBT       
  A 70.046+8.988 75.736+8.462 70.233+5.902 75.675+13.421 70.389+5.820 83.169+9.177 
  PM 67.573+10.171 73.082+10.923 66.892+7.664 70.725+7.884 64.946+11.388 75.092+11.133 
  PL 52.618+12.584 59.718+11.927 52.400+6.923 60.683+14.055 54.485+9.689 61.746+13.332 
Key: FAAM=Foot and Ankle Ability Measure; VAS=Visual Analog Scale; ROM=Range of Motion; 
DF=Dorsiflexion; PF=Plantarflexion; INV=Inversion; EV=Eversion; SEBT=Star Excursion Balance Test; 
A=Anterior; PM=Posteromedial; PL=Posterolateral; GISTM=Graston Instrumented-Assisted Soft Tissue 
Mobilization. 
 
Table D2. Two-way Repeated Measures ANOVA Results for the FAAM, FAAM Sport, and VAS. 
Dependent Variables df F P ES 1-β 
FAAM      
  Time 1 47.963 <0.001* 0.592 1.000 
  Group 2 0.051 0.950 0.003 0.012 
  Time x Group 2 0.051 0.950 0.003 0.012 
FAAM Sport      
  Time 1 18.377 <0.001* 0.358 0.932 
  Group 2 2.153 0.132 0.115 0.187 
  Time x Group 2 2.153 0.132 0.115 0.187 
VAS      
  Time 1 47.475 <0.001* 0.590 1.000 
  Group 2 0.160 0.853 0.010 0.017 
  Time x Group 2 0.215 0.808 0.013 0.020 
Key: FAAM= Foot and Ankle Ability Measure; VAS=Visual Analog Scale; df=degrees of freedom; 
P=significance; ES=effect size; 1- β=power; *=Significant 
 
Table D3. Paired Samples t-Test Results for Pre-test and Post-test for FAAM, FAAM Sport, and VAS. 
Dependent Variable t P 
FAAM -7.130 <0.001* 
FAAM Sport -4.279 <0.001* 
VAS 7.022 <0.001* 






Table D4. Percent Change Scores for FAAM, FAAM Sport, and VAS. 
Dependent Variable Control/DBT Group GISTM-S/DBT Group GISTM/DBT Group 
FAAM 10.7 11.5* 10.2 
FAAM Sport 5.3 30.6 31.1* 
VAS 4.2 20.8 20.9* 
Key: FAAM=Foot and Ankle Ability Measure; VAS=Visual Analog Scale; GISTM-S=Graston 
Instrumented-Assisted Soft Tissue Mobilization-Sham; *=Most percent change by group. 
 
Table D5. Repeated Measures ANOVA Results for ROM. 
Dependent Variable df F P ES 1-β 
ROM      
  Time 1 40.087 <0.001* 0.548 1.000 
  Group 2 0.498 0.612 0.029 0.036 
  Time x Group 2 3.720 0.035 0.184 0.379 
  Movement 3 196.721 <0.001* 0.856 1.000 
  Movement x Group 6 0.592 0.736 0.035 0.082 
  Time x Movement 3 4.331 0.045 0.116 0.275 
  Time x Movement x Group 6 1.564 0.225 0.087 0.124 
Key: ROM=Range of Motion; df=degrees of freedom; P=significance; ES=effect size; 1- β=power; 
*=Significant 
 
Table D6. Paired Samples t-Test Results for Pre-test and Post-test for ROM (Mean Differences). 
Dependent Variable X 98% CI t P 
  Lower Upper   
ROM      
  DF -3.028 -4.098 -1.957 -6.895 <0.001* 
  PF -4.382 -7.317 -1.447 -3.639 0.001* 
  IN -1.729 -3.154 -0.304 -2.958 0.006* 
  EV -1.292 -1.773 -0.810 -6.537 <0.001* 
Key: ROM=Range of Motion; X=Mean; SD=Standard Deviation; CI-Confidence Interval; 
DF=Dorsiflexion; PF=Plantarflexion; INV=Inversion; EV=Eversion; t=T-Test; P=significance; 
*=Significant 
 
Table D7. Pairwise Comparison for ROM (Mean Differences). 
Dependent Variable X P 99% Confidence Interval 
   Lower Boundary Upper Boundary 
DF-PF -13.271 <0.001* -18.027 -8.516 
DF-EV 11.634 <0.001* 9.853 13.414 
PF-INV 15.092 <0.001* 10.404 19.781 
PF-EV 24.905 <0.001* 20.193 29.618 
INV-EV 9.813 <0.001* 8.845 10.782 
Key: ROM=Range of Motion; DF=Dorsiflexion; PF=Plantarflexion; INV=Inversion; EV=Eversion; 
X=Mean Differences; P=significance; *=Significant 
 
Table D8. Percent Change Scores for ROM. 
Dependent Variable Control/DBT Group GISTM-S/DBT Group GISTM/DBT Group 
ROM    
   DF 21.2 15.5 26.2* 
   PF 4.5 17.3 26.3* 
   INV 3.9 3.3 35.2* 
   EV 39.2 44.9* 31.3 
Key” ROM=Range of Motion; DF=Dorsiflexion; PF=Plantarflexion; INV=Inversion; EV=Eversion; 
GISTM-S=Graston Instrumented-Assisted Soft Tissue Mobilization; *=Most percent change by group. 
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Table D9. Repeated Measures ANOVA Results for SEBT. 
Dependent Variable df F P ES 1-β 
SEBT      
  Time 1 58.493 <0.001* 0.639 1.000 
  Group 2 0.291 0.749 0.017 0.024 
  Time x Group 2 1.992 0.152 0.108 0.169 
  Direction 2 71.355 <0.001* 0.684 1.000 
  Direction x Group 4 0.412 0.800 0.024 0.042 
  Time x Direction 2 0.504 0.606 0.015 0.038 
  Time x Direction x Group 4 1.942 0.159 0.105 0.163 
Key: SEBT=Star Excursion Balance Test; df=degrees of freedom; P=significance; ES=effect size; 1- 
β=power; *=Significant 
 
Table D10. Paired Samples t-Test Results for Pre-test and Post-test for SEBT (Mean Differences). 
Dependent Variable X 98% CI t P 
  Lower Upper   
SEBT      
  A -8.011 -11.568 -4.454 -5.490 <0.001* 
  PM -6.625 -9.425 -3.825 -5.769 <0.001* 
  PL -7.552 -10.505 -4.601 -6.237 <0.001* 
Key: SEBT=Star Excursion Balance Test; A=Anterior; PM=Posteromedial; PL=Posterolateral; t=T-test; 
P=significance; *=Significant 
 
Table D11. Pairwise Comparisons for SEBT (Mean Differences). 
Dependent Variable X P 99% Confidence Interval 
   Lower Boundary Upper Boundary 
A-PM 4.562 0.001* 1.146 7.978 
A-PL 17.339 0.001* 12.481 22.196 
PM-PL 12.777 <0.001* 7.055 18.499 
Key: SEBT=Star Excursion Balance Test; A=Anterior; PM=Posteromedial; PL=Posterolateral; X=Mean 
Differences; P=significance; *=Significant 
 
Table D12. Percent Change Scores for the SEBT. 
Dependent Variable Control/DBT Group GISTM-S/DBT Group GISTM/DBT Group 
SEBT    
   A 8.1 7.7 18.2* 
   PM 8.2 5.7 15.6* 
   PL 13.5 15.8* 13.3 
Key: SEBT=Star Excursion Balance Test; A=Anterior; PM= Posteromedial; PL=Posterolateral; GISTM-














Figure D1. Descriptive Statistics of Pre-Test and Post-Test for FAAM. 
 
Key: FAAM=Foot and Ankle Ability Measures; GISTM-S=Graston Instrumented-
Assisted Soft Tissue Mobilization-Sham; GISTM=Graston Instrumented-Assisted Soft 
Tissue Mobilization.  
 
Figure D2. Descriptive Statistics of Pre-Test and Post-Test for FAAM Sport. 
 
Key: FAAM Sport=Foot and Ankle Ability Measures Sport; GISTM-S=Graston 
Instrumented-Assisted Soft Tissue Mobilization-Sham; GISTM=Graston Instrumented-











































































































Figure D3. Descriptive Statistics of Pre-Test and Post-Test for VAS. 
 
Key: VAS=Visual Analog Scale; GISTM-S=Graston Instrumented-Assisted Soft Tissue 
Mobilization-Sham; GISTM=Graston Instrumented-Assisted Soft Tissue Mobilization. 
 
Figure D4. Descriptive Statistics of Pre-Test and Post-Test for ROM. 
 
Key: ROM=Range of Motion; GISTM-S=Graston Instrumented-Assisted Soft Tissue 
Mobilization-Sham; GISTM=Graston Instrumented-Assisted Soft Tissue Mobilization; 
















































































































































































































































Figure D5. Descriptive Statistics of Pre-Test and Post-Test for SEBT. 
;
 
Key: SEBT=Star Excursion Balance Test; GISTM-S=Graston Instrumented-Assisted Soft 
Tissue Mobilization-Sham; GISTM=Graston Instrumented-Assisted Soft Tissue 
Mobilization; A=Anterior; PM=Posteromedial; PL=Posterolateral 
 

















































































































































































Figure D9. GISTM Group Post-Test Ultrasonography of ATF Ligament. 
 
 










Figure D11. GISTM Group Post-Test Ultrasonography of CF Ligament. 
 
 












Figure D13. GISTM-Sham Group Post-Test Ultrasonography of ATF Ligament. 
 
 
















































RECOMMEDATIONS FOR FUTURE RESEARCH 
   
1. Conduct the study during the spring or summer when there are fewer activities at the 
school and school cancelations relative to the weather will not be a problem due to 
weather. 
 
2. Conduct the study during the subject’s preseason or offseason. 
 
3. Increase the number of researchers collecting data to two or four to aid in data entry 
and treatment. 
 
4. Conduct the study using a board certified ultrasonographer to capture the ultrasound 
images. 
 
5. Conduct the study using real time ultrasonography images instead of stilled images. 
 
6. Increase the length of the study to six or eight weeks. 
 
7. Conduct the study using a smaller probe size for athletes to accommodate for a 
smaller foot. 
 
8. Increase the number of subjects per experimental groups to 30 to 45 to increase power 
and effect size. 
 
9. Conduct the study using recreational, collegiate, high school, and youth athletes. 
 
10. Conduct the study using non-physically active subjects with chronic ankle instability. 
 
11. Conduct the study with evaluating group by grade to compare tissue damage. 
 
12. Conduct the study in a controlled laboratory setting or an undisturbed, restrained area. 
 
13. Conduct a prospective study as a pre-season injury prevention program each year, and 
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